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PREFACE 


The wood-preservation industry is one of those which is aid- 
ing in the great movement for efficiency in operation and in the 
the conservation of our natural resources. Practically unknown 
in our country but a half century ago, its growth, esj)ccially in 
the last decade, has been ex(ajedingly rapid until there are now 
nearly 100 plants in opera! ion turning out over 125,000,000 cubic 
feet of treated wood annually. Too much credit for this splendid 
development cannot be given to men who like Dr. Hermann von 
Schreid^ have by their ability, knowledge, and persistence brought 
the importance of preserving wood to the attention of the Ameri- 
can people and successfully accomplished a mass of practical 
results. There is every rea.son to believe that the growth of the 
industry has by no moans reached its clima.x, for there arc thou- 
sands of feet of struct ural timber used each year that are not being 
treated but which should and eventually will be. 

In an industry which has grown so rapidly and is unique in 
that a long tiim^ must elapse l)cfore the efficiency of many of its 
processes are known, it is but natural that many perple.xing prob- 
lems should arise. The wood pre.servalion industry certainly 
has its just sliaro of them, and although splendid progress has 
been made, much yet remains to be learned; in fact, accurate 
knowledge is just in its infancy. The whole art is penmaited wit h 
contradictory evidence and opinions so that it is exceedingly 
difficult for the layman seeking advice to become other than con- 
fused. 

During the past nine years it has been my good fortune to be 
thrown in personal contact with many of these problems and to 
study them over our entire country. While so doing, the need 
for a book on the subject has been repeatedly called to my atten- 
tion, for while there are excellent works on given phases of wood 
preservation, none apparently systematically covei-s the subject 
in its broad aspect. It has been necessary to consult a large 
number of separate publications to secure such data — a process 
most tedious and unsatisfactory in this day of straight-line opera- 
tion, Furthermore, it is thought a textbook on timber preserva- 
vii 
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tioii will bo of help to studoiils in forestry and enginoorin^ schools, 
where a knowledge of wood utilization is desirable and often 
necessary. 

In the following pages, taken largely from lecture notes pre- 
pared by the author for the civil engineering students at the 
University of Wisconsin, it has been tlie aim to present reliable 
information of fundamental importance. It is hoped that they 
will be found of value and use to engine(‘rs, fon^slers, lumbermen, 
students and all those interested in this subject and that this 
effort may assist in raising still higher the envial)le position 
already held by the wood-preserving industiy. 

The author certainly wishes to a(‘knowledge his indebteclness 
to the U. S. Forest Service, from th(‘ publications and illustrations 
of which he has very heavily drawn; to his friends engaged in 
conmiercially treating timber, especially Mr. F. J. Angier, Mr. 
( kxrl G. Crawford, and Mr. J. B. ('ard, whose generous assistance 
has added mu(!h to this book; and to various associations and 
societies from whose proceedings data have been taken. 

H. F. W. 


Madison, Wisconsin, 
Octoherl, 1914 . 
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I’ig. l).~llnt reateel lodgepole pine post set 4 ye'ars. Note decay at 
the ground. 
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PlatkXVHT 182-183 


Fi»;. A. I’^’iu'o posts dipped in crude oil and then charred. Note 
^>;()od condition nt'tt'r 12 years service, 
hij;. R. Scctior)s of ereosoted i)ilinK. Note erratic [)enetrations of 
creosote. 

lij!;. C.- Pih' slu'atlied witli zinc entirely destroy<‘d ))y marine l)orers 
— Pensacola, h'la. 

h’i^f. I).“ Piling prot('cted with cement casings from attack by marine 
borers — Pens.acol.a, Ida. 

Pi, ATE NIX 180^187 

Fig. A. — Sections of longh'af pine pih\s after 21 montlis’ ('xposun' to 
the attack of marine borers at (Julfport, Miss. Section to th(' 
riglit, untre.ated; section to the left imiiregnated with a crmle oil. 

I'ig. R. — Fntix'atc'd pin<‘ jiiles compI('t('ly destroj’eil by marine wood 
borers- Santa Rosa Island, Fla. 

Plate XX 192-193 

Fig. A. — (l.angway of treated miiK' timbers - d’ottsville, Pa. 

Idg. R. -Rank growth of fungus on miru' timl)crs. 
h'ig. (', d'n'ated and untreati'd mine props. 'rreat('d prop to right 
set at same time as failed untreated prop at left -Ih'iin.sylvania. 

Fig. I). I ntreated mine props destroye<l by decay and “sijueeze,” 

-- -Pennsylv.ania. 

Plate XXI 202 203 

Fig. A. — “p<'P"P ” or failuri'in a street lai<l with creo.soted blocks 
due to their <‘.\[);msion. 

Fig. R.- ^\■ood block p.avements -grading tin' sand cushion and lay- 
ing the blocks Minneapolis, Minn. 

•Fig. ('. — \\'orking tin* tar filler into tin' joints of a newly laid wood 
block jiaA’ement. 

h'ig. 1). -Pine beams in a building completely njtted in th(' ends after 
30 ye.ars .service -Madison, Wis. 

Plate XX 11 . 221-225 

Fig. A.— Ty[)(* of .soda dipjiing tank manufactured by the Lufkin 
Inmndry Machine ('o. 

Fig. R. Stak(‘ <iamaged by sand storms in southern C.alifornia. 

('ompare portion in tin' ground with portion at)ov<‘ ground. 

Fig. C.- Section of an experimental track laid with steel ties. 

Fig. 1).- A fenc(‘ of concrete posts -Mad i.son, Wis. 

Plate XXII 1 2ir)-:il7 

Fig. A. — Concrete! mine props — Pennsylvania. 

Fig. R. -Indiana d’ie Company’s wood pre.serving jilant, Jofipa, 111. 

N(jt(! depre.s.sed tracks and manner of running cylinder cars on 
flat cars for loading t ies into box cars for shipment. 

Fig. (k — X'est box used to protect poles and buildings from attack 
by wood pc'ckers. 

Fig. D.- Wood dowels screwed into soft-wood ties as a protection 
against spike cutting. 
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INTRODUCTION 

Definition of Wood Preservation. — ^Wood proscrvation may be 
(Icfinctl as the art of prot(u*tin^»; structural tiin])er from (b'cay. 
This is the common acceptance of the term. When consuh'red 
in its l)r()a(lest asi)ect, liowever, it includes much more than this, 
since decay is l)ut one factor causinj^ the destruction of wood. It 
is in its liroadest sense that the subject is discussed in this treatise, 
l)ecause it is believed that the practice of protectinj^; from deteri- 
oration will broaden as wood increases in value. 

In order to adequately treat the subject, wood presei’vation 
will be defined as tlie art of protecting structural timbo!’ from 
(h'terioration by destrm^tive agents. The more common of these 
are decay, insects, marine borers, mechanical abrasion, and fire. 
It should be noted that the definition does not include the pro- 
t('ction of trees, as the methods of doing this are entirely distinct 
from those practised in protecting wood cut from the trees after 
they have been felled. This distinction should be kept clearly 
in mind. 

Importance of Wood Preservation as an American Industry. — 

In an undeveloped country destined for civilization extensive 
foi-ests are an obstruction which must be removed, because they 
occupy land needed for agriculture. As long as a country is 
heavily timbered, conservative methods of utilizing the timber 
will rarely l)e practised. This condition prevailed in the United 
States during its early history but exists no longer. Scientific 
nudhods of managing forests as well as efficient methods of utiliz- 
ing the timber cut from them, are now being practised. Both, 
however, are still in their infancy but they arc undergoing a rapid 
application. These economic changes are excellently reflected 
in the United States in the development of the wood preserving 
industry. 
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Present Standing of the Wood Preserving Industry in the 
United States. - TIk'iv are now about 90 wood prosca ving plants 
ill activo operation in the United States repn'senting a capitali- 
zation of ov(‘r $10, 000, ()()() and turning out products wortli about 
$30,000,000 per year. Tlu'se plants use annually ov(‘r 100,000,000 
gallons of creosote costing over $7,000,000 and ovia- 21,000,000 
pounds of zinc ehloiid(‘ costing about $1,000,000. In addition, 
about 3,o00,000 gallons of various otlu'f presiu vativi's are annu- 
ally eonsunied rej)r('S(‘nting a value of perhaps $1,250,000. The 
total amount of wood treated ap})roxiinales 120, 000,000 cubic 
f<'('t per yv!U\ whieli is (ajuivahuit to the amount of wood produei'd 
annually by about 10,000,000 acres of average American forest. 
Since present nu'tliods of lumbcuing waste about 50 percent of 
the wood grown, the amount of wood now annually treatial r(‘pr^ 
sents a protection given to the annual ()ut{)ul of ap|,)roximat('ly 
20,0()0,()0() aci’{‘s of timlxuland. 

To tlu' above should 1 h‘ addiMl s(‘veral ihillions of dollars sjient 
each year in protc'cting tiinlx'r from mechanical destruction and 
about a (luarter of a million protecting wood against fire. 

Conserving our Timber Supply. -A natural result of tlui in- 
creasing practice of preserving wood is to decrease' tiu' drain on 
our forests and lienee lu'lp to conserve our sufiply of timber. 
This is offset in part liy the growth of the' country, demanding 
more raw materials, so that no accurate estimate' on tlie extent to 
which wood preservation will ultimately elee*rease tlie elemand 
for structural timber te) lie useel for re'placements can be given. 
The author attempted such an estimate in lt)()9 for the National 
Conservation Commission. Certain rnoelifie'ations now appear 
aelvisable, altliough the estimate as the'u given has neit be'on ma- 
terially change'el. This reviseel (‘stiniatc is given in Table 1. It 
attempts to show to what extent tlie demand on our forests can 
be decreased if all timber placed in situations where it is liable to 
deterioration were treated in some approved manner. For ex- 
ample, we now use each year about 1()0,0()(),0()0 cross-ties to re- 
place those which have worn out through decay, wear, and other 
cau.ses. If these ties were given an efficient preservative treat- 
ment, tlu'ir life could be prolonged and in a few years the demand 
for ties would decrease to aliout 42,000,000 annually instead of 
100,000,000 as at present. Of course this neglects the ever in- 
creasing demand for ties due to new construction. Estimating 
along those lines, it appears that the application of efficient pro- 
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t(H*tivc measiiros to striictvinil timber would (k'croaso the drain 
on our forests by almost 7, 000, 000, 000 board feet annually, were 
all such tim]j(‘r wliich is !ial)l(^ to deterioration protected. 



That this shriidva^e in the amount, of timber (Uit from forests 
due to the ext('nded use of preservative treatment is not only a 
logical but a real outgrowth is shown in part by the' experience of 
b ran(!C. Although the ]*^*ench forests have l)een severely culled, 
they still furnish al)out 3,000,000 lies annually. Approximately 
2,500,000 are us(‘d each year for renewals, which number has been 
steadily diminishing in spite of the fact that tlu' total mileage of 
the country has been increasing. ^ Tlu* practice of preservative 
treatment in our country has bc'cn too recent to mak(‘ its influence 
on forest demands as y(‘t apparent Imt that simihir results will be 
experienced cannot be doubted. 

Effect of Wood Preservation on Forest Management. — En- 
tirely apart from the problem of husbanding our forest resources 
is the effect of treating timber on the practice of managing our 
forests. By giving durability to woods which do not naturally 
possess it, the practice*, of wood pre.servatiou will in many cases 

^ IT. Mathoiu, Revue GetRTale dos Cheinins do Fer, August, 1887. 
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govern the manner in which certain forests will be composed and 
managed. 

Forestry teaches that trees grow according to defined onto- and 
phylogencric laws, like all other forms of life, and if tliese laws 
arc violated, destruction will inevitably follow. A layman, for 
example, may not understand why a young tulip tree will not 
grow in his dense maple grove. 

The utilization of various kinds of timber has shown that some 
combine more valuable properties for man’s purposes than 
others. A study of these properties has been brought about 
chiefly through dire necessity. Starting with the cream, man 
has been forced to the milk. The gums, for instance, classed as 
“tree weeds” a few years ago, are now eagerly souglit and util- 
ized. As a result of these two conditions, namely, the knowledge 
of the laws of tree growth and the inherent superiority of certain 
woods for commercial purposes, selected types of forests have been 
evolved. In other words, man endeavors to eliminate the unde- 
siral)le species and foster the growth of those best fitted to his 
needs. The mixed pine and beech forests of Germany may be 
(flted as an illustration. We have not reached this stage in the 
United States, but with the ever increasing intensity of forest 
management, nature’s combinations will be eradicated, and in 
their place will be developed man’s idea of the Society of the Se- 
lect. Nature’s law which decrees, “Since no two organisms are 
alike, one must be better adapted to its surroundings than the 
other, and the less adapted must sooner or later perish,” will bo 
changed to read: “Since no two organisms are alike, one must be 
better adapted to man’s needs than the other, and the less adapted 
must sooner or later perish.” This is an illustration from Forest 
Ecology, which depicts man’s disturbing influence in modifying 
various forms of life to best meet his requirements. Thus the 
American forest of the future will be radically different in kind as 
well as in degree from those now existing. Of the forty odd 
species of commercial trees now found in the Appalachians, it is 
safe to state that not more than one-fourth will persist. Certain 
trees, like the hemlock, will become commercially extinct, simply 
because it will not pay to grow them. This is not a view into 
the distant future; the careful selection of species is already 
common practice in Europe, and even now is being actively 
applied in our country. 

As stated, the commercial extinction of certain American 
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trees and the restriction of others is inevitable, and will be 
brought about because they lack certain specific qualities. 
These are of two kinds: 

1. Sylvical — the abundance and vitality of the seed; the re- 
sistance of the young plants to insects, fire, and animals; their 
adaptability to their environment; their rate of growth, etc., and 

2. Commercial — the size, strength, weight and beauty of the 
wood, its ease of workmanship, and its durability. 

Of all these properties, durability is one of great practical mo- 
ment and of direct bearing on this treatise. No method is 
known whereby all kinds of wood can be satisfactorily treated 
with preservatives. Fortunately, however, the species best 
adapted to treatment are among the most abundant, and possess 
certain sylvical and commercial properties which give them a 
decided advantage over others. These properties briefly are: 
The vitality and prolificacy of the seed, rapidity of growth, and 
high percentage of sap wood. The following species may be 
classed in this group: Bull, lodgepole, loblolly, sliortleaf, jack 
and scrub pines; cottonwood, red and scarlet oaks, silver and red 
maples; white birch; buckeye; black and cotton gums. All of 
these, with the possible exception of the bull and shortleaf pines 
and cottonwood, are commonly classed as “inferior'' species. 
When a timbered area is cut or burned over, these are the com- 
mercial species which usually first come in to reforest it. It 
should be noted that their rate of growth soon culminates. None 
of them are long lived, and none of them have durable wood. 
The inherent characteristics of these trees are such as to render a 
forest composed of them easy to propagate and manage. 

Wood preservation thus affects the composition of certain 
forests as the forests of the future will bo grown for specific pur- 
poses. White oak will be as rarely used for cross-ties as black 
walnut now is for fence rails. Future stands of timber will often 
be composed of those species whose wood without the application 
of a chemical treatment would have such a limited demand that 
they could not be grown at a profit. 

Suppose that an individual or company has a tract of denuded 
land upon which it is decided to grow timber. Should slow or 
rapid growing species be planted? Which will pay better? Al- 
most invariably the wood of the former is more durable than 
that of the latter, but if figured on the basis of annual financial 
profit, the advantages are usually in favor of the latter. An 
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oxaiiiph' may ho cited: Loblolly pine io an iiuk'x stand on a 70- 
yoar rotation will yield about .'khOOO feet ILM. per acre; loiif^leaf 
pine under similar conditions, on a r2()-yea,r rotation, will yi(‘ld 
al)out 2r),tH)() feet ILM. Assuming the vaiiK' of the land and the 
cost of plant injj; at SIO pin- acre, taxes d cents, fire protection 
and mana|i:emcnt 2 (amts per year, and inteicst 1 p(‘rc(mt, 
the total cost of ^rowin^ tlu' loblolly at tin* fellinj; period will b(' 
SI 74 and th(‘ lon^haif SI 244 per acre. Tlu' future stnmpap;e 
price of th('S(‘ sjx'cies can only b(‘ pi’edicted, but at the time the 
trees were cut, suppose th(‘ valin^ to Ix' S8 per thousand feet ILM. 
for loblolly and SI 4 for lon};l('af, or an advanc(' in prc^simt |)ric(‘s 
of ov(‘r 4t)() j)('rc('r)t for loblolly and 41)1) pcacent for lonj^haif. 
Th(' valtK' of th(' ci'ops pm’ acr(‘ will tlnm be n'spect iv('ly S2t)4 
and S42.j, or a total profit of SfiO for th(‘ loblolly and a d(4icit of 
SDL) for th(‘ lon.uh'af. i.on,ti!;l(‘af, in ord<‘r to prodnc(’ a. profit 
(xpial to th(' loblolly, would hav(' to be worth about $7)4 per 
thousand f('(‘t stumj)ai!:(‘. At such a. jn’ice it would l)e commerci- 
ally pi'ohibitiv('. In otlaa’ words, lonji^haif pine can be grown only 
at a loss. 

In order to take a most favor.’d)le vd(‘w of a (pn^stion likx' the 
above*, let us assume that tia* land is worth only $1 an acre* and 
that tin* same yield will be obtained by natural re'fon'station. 
ll(‘nc(', tliere will be no cost for planting. Aloreovc'r, w(' will 
assume no c!iarg(‘ for |)rotection. 44ie cost of the crops p(‘r acre 
will tli(‘n be S2fi.o() for loblolly ami SI ‘42. 1)0 for longh'af, or lu't 
j)rofits resp(‘ctively of S247 and SI42 witli an excc'ss of $105 p('r 
acre for loblolly piiu*. Similar (‘xainph'S would be found to exist 
if other of our slow growing and mon* durable woods were com- 
I)ai(‘d witli tho.se listed in the so-called “inferior” group. 

Lxcej)tions, of cour.se, occur, notably with such spi'cb’S as 
black locust, catalf)a, osage* orartge*, chestnut, and eucalypts, 
which combine dui’abihty with rapidity of growth. Hut these 
trees are of small siz(‘ or poor form or are sul)j(*c-t to insect or 
fungus attack or are d(‘cid(‘dly limited in distribution. Whenever 
thes(! sp(‘cies can lx* profitably grown their extension should by all 
means lx* ('iicouragc'd, lx‘cause they coml)ine many of those quali- 
ties in strong (h'lnand and their subsequent tn’atrnent with 
pr(rservativ(*s is not a ncc(‘ssity. That the use to which its 
products w'ill Ix! put oft(*n controls the composition of a forest is 
further shown in this country l)y the plantations of various rail- 
roads. The Ihmnsylvania, for examph), has planted large areas 
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to so-called “treatment woods,” such as red oak in place of the 
slower ^rowin^ wliiteoak and other more durable woods mentioned 
ab()V(\ Th('. U. S. ]^\)rest Service is manaj 2 ;inf»; certain of its 

lodfrcpolc pine forests for the direct purpose of producing cross- 
ties. Without preservation, it would not pay to use this pine for 
ties l)ecause of its rapid decay. (See Plate I, tdg. A.) 

Wood preservation enables tn'es removed in thinning the forest 
to be put to a higher use than for fuel and by so doing permits 
thinnings to be more systematically and effectively made. 
If a forest plantation is started wit,h 1200 trees to the iivrv, it is 
safe to assume that not mon' than 17 percent — or a- total of 204 — 
will remain for the final crop. Those removed will have been cut 
in the several thinnings when the trees were yet immature, in 
order to give room for the more' thrifty tr('(‘s. Th(‘ r(‘venue 
derived from such thinnings is usually figured on the fuel value of 
the wood. Such small tr('es, however, if cut for posts or even 
poles, and ti'eated, will have their value apprecial)ly augmented, 
so that thinnings can be made to yield a larger income. Sup- 
pose tlu‘ plantation is loblolly j)in(* and tlie first thinning is made 
at 20 years, (iOO ti(‘(‘s per acre being removed. These will be 
about 3 inches in diatiu^b'r and 20 f<‘(‘t high, lamcc' too small to 
l)e used advantageously even for fuel. The first thinning will 
tluM’efore I'c'present a direct a|)|)arent loss, wliich, liowever, will 
be recovered by the a(‘C(‘lerat(‘d growth of tlu' remaining tree's. 
The. s('cond thinning will be made at 10 years, and 1.00 trees will 
be removc'd. Tlu'se will have reached a diameter of 8 inches and 
a height of 45 feet. If cut for fuel, they would yield about 18 
cords worth about $l per cord stump:\.g('. If cut into posts, how- 
ever, they would yield about KiOO worth at 2 cents each stump- 
age^ a total of .882. Posts of this s])ecies, or more geneially of 
infc'i’ior sp(H*i('s, are worth little unless treated, but when treated 
tlu'ir durability may ('(pnil or excell that of the more costly 
varieties, so that it will often prove cheaper to use them. In- 
creased profit derived from thinnings will enable them to be more 
syst('matically and carefully made and thus the application of a 
more intensive system of forest manag('ment is made possibh'. 
The practicability of a forest working plan depends very largely 
and in some cases entirely upon direct financial returns, and in 
any case, if the plan can be made to produce such returns, it 
will enable forest principles to be more readily applied. 

Other things being equal, conservative lumbering pivots upon 
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the value of the toj) logs. Change this value and you change the 
S 3 ^stcln of marketing. Wood preservation enables the top and 
inferior logs to be used to better advantage than if left in the woods 
to rot 01 ' sawed into lumber. By raising their value, it intensi- 
fies the utilization of timber and fosters its more conservative' use. 
Thus the top logs of such trees as the yellow poplar, black walnut, 
maple, birch, etc., possess so little value that they are often left 
in the woods to rot, or when sawed into lumber are frequently 
sold at a loss. For example, the value of lumber cut from 
yellow birch logs in the Adiroiidacks in 1904, 14 inches or less in 
diameter, was $9.37 per thousand. The cost of stumpage, log- 
ging, and manufacturing was at the lowest figure $10.50 per thou- 
sand. The operators therefore lost $1.13 per thousand on all 
such logs removed. For beech the lo.ss amounted to $1.80 per 
thousand feet B.M. If these logs had been cut into railroad tics, 
they would, at $5 per thousand stumpage and 15 cents each for 
logging and manufacture, have cost about 32 cents each and sold 
for^45 cents each, or a net profit of al)out $3.90 per thousand f('et 
B.M. Untreated ties of this species have little use on account 
of their rapid decay. Some lumber companies have aln-ady 
realized the important part wood preservation is jdaying in their 
operations and are now manufacturing their logs which an! in- 
ferior for lumber into ties. An effective system of forest manage- 
ment will recognize this and will change the manner of harvest- 
ing the timber «o as to get gr(‘at(‘r r('turns from it. 

Wood pi’cservation acc(4erates the removal of fin'-killed and 
dead timber and enables areas so denuded to l)e more speedily 
reforested and placed upon a profitable basis. Dead timber, 
whether standing or down, decreases in vahie each year and land 
encumbered with it can be likened to capital stock earning no 
dividend but com])ellcd to pay annuities. There are thousands 
of acres of just such land in the United States. It is often im- 
practicable to use such dead trees for lumber becaiisc of their 
extensive checks, the stained condition of the wood, or holes 
bored by insects. Furthermore, on account of rapid decay, the 
wood may not be usable even for ties, mine props, etc. If 
treated with preservatives much of this timber can be marketed. 
Tests made by the author on fire-killed lodgepole pine in Idaho 
proved it was in ideal condition for preservative treatment. 
When cut for such purposes its stumpage value in comparison 
with its former fuel value was raised about 60 percent. 



Platk I 



H.— Pfryptinn cofHn (latino fi'oin tho XII dynasty (2()()()-17S8 h. C.). 
Tlio only restorations are tlnve cleats on the bottcim of the coffin, otlierwise 
it is in almost perfect |)reservation. (Photo through courtesy of the Metro- 
politan Museum of Art, New York.) 


(Facinif i>aijc S.) 
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History of Wood Preservation. Egypt . — The earliest records 
of the artificial preservation of organic bodies are found in Egyp- 
tian history. The skill shown by the Egyptians in enbalming 
bodies proves that they carried the art to a high state of perfec- 
tion. Apparently the wooden coffins in which the bodies were 
placed were given no special treatment, so that their durability 
can be accounted for only by the exclusion from the wood of 
sufficient moisture to allow the growth of wood-destroying 
organisms. As sycamore was largely used in the construction 
of these coffins, this furnishes excellent proof of the durability 
of wood when it can be kept dry; in fact, in such a condition its 
life is indefinite. (See Plate I, Fig. B.) 

Such was not the case, however, in the preservation of the bod- 
ies. It is definitely known that these were impregnated with 
antiseptics, although the exact manner in which this was done is 
still a matter of conjecture. From the writings of Herodotus 
it appears that the bodies were first steeped in natrum (a natural 
substance found in the briny lakes near Cairo and composed 
principally of sodium sesqui-carbonate, sodium chloride, and so- 
dium sulphate) for about 2 months, after which they were sub- 
^'!ctcd to a bituminous preparation, perhaps by boiling or baking 
ill an ov(m. Pettigrew extracted the preservatives from the heart 
of a mummy which had been in a perfect state of preservation 
for over 3000 years, and the heart at once putrified. Petti- 
grew’s experiments show that the mummies prepared in natrum 
alone were not as well preserved as those in which solid resins or 
bitumens were found. 

Europe . — The quantities of wood used by the early Greeks 
and Romans in their buildings and bridges caused them to meet 
squarely the problems of preserving it from decay. Thus among 
the first attempts were the placing of stone blocks under wooden 
pillars to keep away soil and vegetation. The tops were also 
capped in this manner and it is thought that these early practices 
are the origin of the base and capital of our modern stone pillars. 
The antiseptic value of essential oils was also well understood, 
these being obtained from the olive tree and from various cedars 
and junipers growing along the Mediterranean. The practice 
was to either rub these oils over the surface of the wood to be pre- 
served, or to bore numerous small holes in the wood and pour oil 
into them. In this manner the magnificent statue of Jupiter by 
Phideas and the famous statue of Diana were preserved. Pliny 
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assorts (liat the oils not only retarded decay l)ut kept the wood 
free from insect attacks. It was common praidicc' amonj^ the 
Homans and hut dwellers of tlie Baltic to char tlu'ir timbers 
which were used for pilinj^ before |)lacin^ them permanently in 
their structures. This method of preserving wood is used even 
to the present day. 

It was perhaps the rapid decay of timber in the British warsliips 
that gave wood preservation its first great im})etus. It is re- 
ported that 40 acres of oak forest were recpiired to construct a 70- 
gim ship and that the great prevalence of rot in the vessels as- 
sumed the proportions of a natiomd calamity.’ M. Pauh't in his 
book entitled, “Conservation d(‘s Bois,” enumerat('s 173 proc- 
esses or nu'thods that were tri(‘d, most of which proved unsuccess- 
ful. vVl)out tills time Holland was also wrc'stling witli the jin's- 
ervation of the timb(‘rs use<l in tlu' construction of lu'r dyki's and 
rnariiK' structures. Later cam(‘ the (h'velopment of tlu' steam 
engine and liirth of tlu' locomotive*, which brought a n(*w drain on 
the foH'st, principally for cross-ties, so that some method of 
presei'ving wood became a positive necessity. It was during 
the first quarter of the 19th century that modei’ii nu'thods of 
injecting wood may be considered as beginning, although the 
most successful attempts did not come until a few years lati'r. 
It is int('r(‘sting to not(* that the most efiicient preservatives were* 
us('d several years Ix'fore pat(*nts were taken out on them, or 
('vi'ii before their usi; was commercialized. Thus nu'i'curic 
chloridi* was us('d by TIomberg in 1705 and by De Boissieu in 
1707, although it is with Kyan’s name that tlu* salt is best known, 
he having taken a paf(*nt on its use in Ihigland in 1832. JOven 
to the present, its use is commonly called “ Kyanizing.” So it is 
with copper sulphate, recommended by J)(^ Boissiim and Borde- 
nav(! in 1707 and b(*st known as “ Margaryizing,’’ although 
Margary’s patent was not granted until 1837. ('hloride of zinc 
was recommended by Thomas Wade in 1815 and by Boucherie 
in 1837 but its use is referred to as “Buriu*ttizing” from the pat- 
ents of Sir William Burnett in 1838. Franz Moll took out a 
patent in 1830 for injecting wood in closed iron vessels with oils 
of coal-tar but the practical introduction is attributed to John 
B(*thell, whose patent is dated 1838 and whose; name is now fam- 
ous in the art of preserving timber. It is reported that BethelFs 

* Th(! Preservation of Timber by the ILse of Antiseptics.” Samuel B. 
Boulton, 1S85. 
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process required the timlicr to bo in an air-seasoned condition 
before the preserving oils w(‘.re injected. Tlie treatment of green 
timl)er with creosote by first using steam followed l:)y a vacuum 
prior to impregnation with the oil is attributed to Hayfordd 

The marked success met with by th(‘ use of the preservatives 
numtioned gave a pronoun(*ed impetus to tlie wood-preserving 
industry throughout hiurope. Later, progress was directed more 
to perfecting the use of th(;se preservatives than in attempting to 
introduce new ones. Thus it was found that zinc chloride had a 
tendency to leach from wood, and to overcome this objection as 
well MS give added effectiveness to the treatment, Julius lliitgers 
introduced in Germany about 1874 a method of treating ties 
with a mixture of zinc cldoride and creosote. This method has 
met with consiihu'able favor in Germany and is now one of the 
leading processes in use in that country. The excellent results 
secur(‘d with coal-tar creosote have always caused this pre- 
servative to be held in v(‘ry high repute. Its comparatively 
high cost led Max Heuping to take out a ])atent in Germany in 
11)02 on a process of impregnating it into wood, and subsecpiently 
wit-hdrawing a part of it so that the total amount of oil actually 
consumed was greatly reduced. This process named after the 
inventor, has also met with pronouiKted success in Fairopean 
countries. Sev('ral other methods of treating wood have lately 
b('(m ('X])loited in l'airop(^ but few of them have met with the suc- 
cess of the Buriu'ttizing and Bethell processes. 

Wood preservation is now practised in all the leading European 
countri(\s. In hhigland en'osoting appears most popular, while 
in Gei'many both cr(M).sote and zinc chloride are extensively used. 
The same is true of France, where appreciable (piantities of poles 
ai’c still impregnated with co])per sulj)hate. Not only ties and 
poles but vast quantities of mine timbers, paving blocks, piles, 
posts, vineyard sticks and lumber are now annually treated, so 
that the industry may be considered as permanently established 
and an engineering necessity. Figures on the amount of wood 
treated in Europe arc not available, but it is reported that about 
10, 000, 000 ties are annually preserved and that tlu' total number 
of plants in operation is about 70. It appears, therefore, that 
the plants in Europe have on the average a much smaller capacity 
than those in our country. 

Ujiited States. The commercial application of wood preserva- 

1 Reprint, Joiirmil of Franklin Institute, 1878. 
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tion in our country first became of practical importance in 1848, 
when a Kyanizing plant was built at Lowell, Mass. A great 
many tests, however, had been carried on in a more or less 
primitive way previous to this. For example, Kyanized chestnut 
ties were laid near Baltimore in 1838 by the Northern Central 
Railroad. The Lowell plant was built primarily for the treat- 
ment of timbers used in the locks and canals on the Merrimac 
River. It operated the Kyanizing process for 2 years, and then 
substituted the zinc chloride method, but in 1862 the officials, 
becoming dissatisfied with these treatments, reverted to Kyaniz- 
ing, and since this date the plant has been in more or less con- 
tinuous operation. 

In 1856, the Vermont Central Railroad erected a Burnettizing 
plant for the treatment of bridge timbers and ties, but it was 
abandoned after being in operation 4 years. About this time 
the ( fiiicago, Rock Island and Pacific, the Boston and Albany and 
Erie Railroads built plants for the treatment of timber with zinc 
chloride. All these plants met with but partial success, princi- 
pally l)ecausc of the then abundant supply of timber and the high 
cost and inexperience in hand-ling treated timbers. Operators 
could not accustom themselves to the delay which timber treat- 
ments entailed; consequently few plants treated their timber for 
a sufficient period to enable it to be properly impregnated with 
the preservative. In 1863 the Philadelphia, Washington and 
Baltimore Railroad, and in 1867 the Philadelphia and Reading 
Railroad built Burnettizing timber-treating plants, but both had 
a short life due to the unsatisfactory results secured. In 1865, 
the Old Colony Railroad erected a plant at Somerset, Mass., for 
the treatment of bridge timbers with creosote. This, apparently, 
represents the first practical attempt to use this material in the 
United States. The work was done with a rush and in a careless 
manner, much of the timber being trimmed after it was treated. 
In spite of this, the work was considered a success. 

In 1867, Professor Seeley of New York obtained a patent for 
treating timber without the use of pressure. He erected treat- 
ing plants in New York, Chicago, and at the St. Clair Flats in 
Michigan. His claim was that green timber could be treated 
just as effectively as seasoned timber. This, however, accounts 
in a large measure for Seeley's failure. His process was neverthe- 
less adopted by the Government for its work at the St. Clair Flats 
in the construction of dikes, etc., along its canal, and by the 
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Chicago, Rock Island and Pacific and the Chicago, Burlington 
and Quincy Railroads. At the World’s Fair in Bt. Louis in 1904, 
von Schrenk revived this “open tank” process, and its use was 
later on made the subject of careful study by the U. S. Forest 
Service, until there arc now several plants in operation in this 
country. 

About the time Seeley’s process was being promoted, Mr, L. S. 
Robbins introduced a method in which he impregnated timbers 
with vapors of creosote. This process was extensively adver- 
tised and local companies were formed in New York, New Jersey, 
Pennsylvania, Massachusetts, (Connecticut, and C’alifornia with 
large capital. It failed, however, in practically all cases, espe- 
cially where it was used in marine construction. Mr. C. B. Scars, 
engineer in charge of the government works in ( •alifornia, states 
“that it failed absolutely to protect the timber from the Teredo, 
which was not more than 2 months longer in attacking it than 
the untreated timber, and when once in, its action seemed to 
be more rapid.” 

About 1870 Mr. Thilmany treated a groat many ties with 
copper sulphate and barium chloride for the Wabash, Pemisyl- 
vania and Ohio, Lake Shore and Michigan Southern, Cleveland 
and Pittsburg, and Baltimore and (Jhio railroads, but the process 
met with the fate of most of its predecessors and it was eventually 
abandoned. 

In 1872, it is reported, Mr. George H. Fletcher boiled some 
paving blocks in dead oil of coal-tar and laid them in the yard of 
the New (Jrleans Gas Light Company. They absorbed about 20 
pounds of oil per cubic foot and when inspected 30 years after- 
ward were thoroughly sound. 

Modern timber processes may be con.sidered as beginning in 
this country in 1875, when a creosote plant was erected at West 
Pascagoula, Miss., for the treatment of timbers used by the Louis- 
ville and Nashville Railroad. This plant is still in operation and 
has met with marked success in its work. In 1878 Eppingor and 
Russell operated their creosote plant in Long Island City, N. Y. 
In 1879 the New Orleans and North Eastern Railroad built 
a similar plant primarily to treat the timbers used in the bridge 
across Lake Ponchartrain. From this period on the wood- 
preserving industry has permanently grown, the Wyckoff Pipe 
and Creosoting Company erecting a plant in 1881, the Colman 
Creosoting Company in 1884, the Santa Fc Railway Company in 
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1S85, tlu‘ Chicago Tie Proscrviiig Company in 188(i, etc., until 
at the present tilin' tlu're are now about 90 jilants in operation 
scattered all over the I'liited States and treating annually over 
125,000,000 cu. ft. of wood. (Cor complete' list see Appendix.) 

It is interesting to note tliat the first successful attempts in 
timber pre'servation in this country were not made on account of 
scaicity of timlier, but Ix'cause of the high cost of reiihicing it after 
it had deteriorated. For exam])le, the timber-treating plant 
Iniilt by the New Orleans and Nortli J'^astern Ibiilroad was erected 
to tri'at the timbi'rs ii.sed in constructing tlu' Lake ronchartrain 
bridge, as these, witliont treatment, would not last more than 
3 or 4 yi'ars due to rajiid di'cay and attack by lion'rs. 
iVlthough treated in 1875, many of these timbers are still sound 
and in servi(*e. Some nu'thod of jiri'serving the wood was there- 
fore an absolute necessity to th(' railroad company in order to 
maintain this bridge. Similar conditions prevailed in othi'r 
places along the Atlantic ('oast and in mines, but the gradual 
depletion of our forests and rise in tlu* valine of lumbi'r has given 
a further impetus to the growth of the industry so that there are 
now but f('W [)lac('s in the Unitc'd States where wood preservation 
will not pay. 



('ll APT KU II 


FACTORS WHICH CAUSE THE DETERIORATION OF 
STRUCTURAL TIMBER 

Discussion of Their Relative Importance. -Tiinl)er plaeod in 
service is sul)j(‘et to dc'tc'rionition from many eaus(‘s, and its 
strenj»ih ev(Mitu;dh^ l)eeomes so \v(‘akened that it must bo re- 
moved and r(‘plneed with sound (ind)er or some other material. 
The chief factors which caus(' such dc^lerioration ar(^ decay, 
insects, mni'ine Ijonu's, mechanicnl abrasion, and tire. Others of 
less ('xtent are alkaline soils, birds, and sand storms. (')ur 
couniry is so vast and its d(‘V(‘lopment has becai so rapid, that it 
is absolutely impossible at this time to (W(m estimate with any 
defj;7'ee of accui’acy tlui relative importance of the above factors 
responsible for the deterioration of structural timbers. In the 
absence of statistics, it seems very probable, however, that decay 
is by far t lu* most important, as (mormons (piantitiiss of wood rot 
annually. N(^xt in rank to d(‘cay, i)erhaps, comes mechanical 
dc'struction, such as the railcuttinj!; of ties; then in gradually de- 
creasing amounts, fire, in.sects, and marine borers. We will dis- 
cuss in this chaf)ter tin* maniKw in which these destruct ive agents 
work, as it will aid in understanding the proWctivo nuaisures 
taken to overcome them. 

Decay. — On this subject volumes have l)een writteti, and it 
s('ems strange tliat ev(m at the prescud- time the (‘ause of decay 
is a matter little understood by many timber tmating (mgineers.^ 
]''or this reason it is felt d('siral)le to review the more essential 
facts that are known in the hope that they may clearly fix the 
basic principles of fungous growth. The prevailing theory about 
1840 as to the cause for decay in timber was molded by the 
opinion of the great chemist Liebig. Liebig taught that the proc- 
ess of fermentation in certain fluids and thc^ putrefying or decay 
of organized bodies, animal and vegetable, were caused by a 
species of slow combustion to which he appli(ai the term “crema- 
causis;” that it rcxpiiiaHl for its ordinary development the pres- 

1 See Proceedings American Wood Preservers’ A.s.soeiation, 1912. 
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ence of moisture and atmosplicric air; that its action was pro- 
voked by oxygen and its mctliod of action was by a communica- 
tion of motion by the atoms of the affected ferment to th(i atoms 
of the body affected. He denied that fermentation, putrefaction, 
and decomposition were caused by fungi, parasites or infusoria, 
although these organisms might sometimes be present during 
the process d 

With the introduction of the microscope and the consecpient 
intensive study on the minute forms of life, the theory of Li(‘big 
gradually became shattered. The bodies of .nniminoths i)re- 
served in ice through countless ages, the fragments of wooden 
piles which have endured undecayed for centuries wlien driven 
deeply below the surface of water, all confirm the exi)eriments of 
Pasteur and Tyndall and prove the exclusion of germs prevents 
decay. Specimens are on exhibition of a sound wooden j)ilo 
known as the remains of a bridge (destroyed by fire) wliich was 
constructed by ('harleinagne across the Phine; of pieces of piles 
in the foundation of the bridge across the Medway at Koclu'ster, 
which was destroyed by Simon de Montfort in 1264. Thousands 
of exact laboratory tests have established beyond all peradven- 
ture, that the true cause of decay in timl)er arc low forms of 
plants called fungi and bacteria. The action of bacteria in de- 
caying wood is not clearly known even to this day, but there is 
little reason to doubt but what the same methods used in com- 
bating fungi will prove etpially as efTe(;tive in combating them. 

Only a comparatively small percentage of fungi and b.acteria 
have the ability to decay wood and a great many will not even 
grow on wood. Of those which do grow on wood it is customary 
to divide them, in a discu.ssion of this kind, into “harmful” or 
wood destroying and “harmless” or saprophytic fungi. All 
fungi are forms of plants which are parasitic, that is, they are 
dependent on otlier plants for their existence. They all lack 
“chlorophyll,” a substance which gives plants their green color 
and which is instrumental in taking the gases from the air and 
transforming them into plant substance. 

Pungi reproduce in two ways, (1) sexually, by means of minute 
“spores” which can be likened to tiny seeds, and (2) asexually, 
by means of “mycelia” which can be likened to minute roots. 
The spores are blown about by the wind like very fine particles 

’ S. B. Boulton, The Preservation of Timber by the Use of Antisep- 
tics, 1885. 
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of dust, and wlien they alight on wood, start to genninatc and 
send their fine inycelia into the wood gradually decaying it. 
If these inycelia come in contact with sound wood, as for example, 
when a piece of decayed wood touches a piece of sound wood, they 
grow into the sound wood and will ultimately decay it. In this 
way, decay is also spread. Some fungi Iiave the ability to send 
their inycelia over materials which they will not attack, in their 
search for wood, 'rhus if two pieces are separated a foot or 
more apart, the mycclia from the decayed piece may reach out 
over this space and attack the sound piece. This characteristic 
is common in the so-called “house fungus.” By the secretion 
of little understood chemicals by these mycclia, the wood fiber 
is dissolved and its substance serves as food for the fungus, 
'^riiese chemicals are termed “enzymes” or “ferments.” Since 
fungi vary greatly in their capacity to secrete ferments, wo have 
the key to their widely varying action upon timber. It is only 
those fungi which attack cellulose and lignin vigorously that 
effect the durability of timber to any serious degree. Give them 
a favorable temperature and proper moisture and air supply and 
the destruction proceeds rapidly. 

]<’ungi may be classified in regard to the form and habit of 
growth of the “mushrooms” technically called “fruiting bodies.” 
Based on these (characters, the “harmful” or wood destroying 
fungi may be divided into three classes: 

1. Fleshy forms of the “mushroom” types which have a dis- 
tinct stem, a more or less circular cap with plates or “gills” on 
the'undcr side. This class contains few destructive forms. (See 
Plato I, Fig. C.) 

2. Fungi which are tough, corky or woody and which have no 
stem, but are attached to the wood by the side of their rough 
semicircular caps. (See Plate I, Fig. D.) The under surface is 
provided with poix^s of various outlines, circular, angular, or 
sinuous. Frccpiently the caps grow in clusters, one above the 
other. This class contains many destructive kinds. 

3. Fungi similar to those in class (2), but whose under surface 
is smooth and not differentiated with pores or plates. (See plate 
II, Fig. a.) 

The “harmless” fungi are comparatively few. There are 
several species similar to those described in class (1) which grow 
on wood after it has reached an advanced stage of decay. Another 
form (Schizophyllum commune) having a wide distribution is 
. 2 
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small, white, thin, leathery, and flexible, and has a bracket-like 
appearance. It frequently occurs on sound oak or pine and lives 
mostly on the sugars and starches in the wood. Other fungi 
which are white, green, brown or black and commonly called 
“molds” also belong to the “harmless” group. They produce 
the stain in wood but do not injure its strength to any appreciable 
extent. ^ 

Insects. — The deterioration of timber through insect attack 
is greatly underestimated in this country. This matter has 
been made the subject of a special investigation by the U. S. 
Bureau of Entomology and it is estimated that the annual loss 
from this cause amounts to $100,000,000.'^ Hound timber with 
the bark on, such as poles, posts, mine props, saw logs, etc., 
is particularly subject to attack by round-headed borers, timber 
worms, and ambrosia beetles. Fre(iucntly the insects continue 
the work in the unseasoned and even dry lumber cut from logs 
which had been previously infested. Their prolonged activitie.s 
in mine timbers is well known; also in cabins, and rustic furniture. 
Hickory hoops and poles are often rendered worthless by borers 
and beetles. Stave and shingle bolts, handle or wagon stock, and 
pulpwood arc peculiarly subjc'ct to attack. Although termites 
are not usually associated with the destruction of timber in this 
country, nevertheless they cause con.siderable damage to poles 
and construction timbers used in buildings, sometimes completely 
destroying them. Many of the insects not only feed on the wood 
but burrow into it for their protection or breeding grounds. This, 
of course, weakens the wood and allows channels through which 
water and the spores of dc.structive fungi can enter. Each 
specie of insect has its own peculiar method of attack so that it is 
not possible in a troati.se of this kind to describe all of them. Two 
rather typical examples will, however, bo given: The “powder- 
post insect” which bores into dry wood and the “pole borer” 
which attacks poles and .similar products. 

The Powder-post Insects.* — “The adults or winged forms of this class 
of in.sects are small, slender or stout, brownish to nearly black beetles, 

^ For a scientific di8Cu.ssion of the destruction of wood by fungi and bac- 
teria, the reader is referred to Bulletin 266 of the U. 8. Bureau of Plant In- 
dustry, by McBeth and Scales, 

* Circular 129, U, S, Bureau of Entomology, A. D. Hopkins, 1910. 

• Circular 5.5, U. S. Division of Entomology, by A. D. Hopkins. 
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which upon emerging from the wood where th(5y breed and pass the win- 
ter, fly or crawl about in search of suitable wood material in which to 
deposit their eggs. 

The different species vary in their habits and life history, from the egg 
to the adult, but. in general that of the true powder-post beetles is as 
f ollows : The winter is passed in the wood. The eggs are deposited under 
normal conditions soon after activity commences in the spring, while 
in storehouses and buildings kept warm and dry they may continue their 
activity through the year and deposit eggs much earli(5r. The minute 
white “worm” or grub (the second stage of the insect known as the 
larva), upon hatching from the egg, proceeds to burrow in and through 
tlie wood in all directions, feeding and growing as it proceeds, until it has 
attained its full growth. It then excavates a cell at the end of its burrow, 
in which it transforms to a semidormant stage (the pu])a, or third stage 
in the insect’s life), remaining thus until the legs and wings have fully 
developed, when it bores its way out and ai)i)ears as the matured adult or 
beetle (the fourth stage), to mate and repeat the life process. Under 
normal conditions, so far as is positively known, there is probably orily 
one generation annually. 

h]ach female deposits many eggs, and many females oviposit on or in a 
single piece of wood, so that the coml)incd work of their numerous pro- 
geny, borrowing through the wood in que.st of food for their development, 
results in the complete destruction of the interior wood fiber and its con- 
version into a mass of fine powder. If the first attack and the first 
g(ui(‘ration do not acconqilish this destruction, subsequent generations 
will follow in the same wood until nothing of the solid fiber is left but a 
thin outer shell.” 

The Pole Borer.' — This insect (Paraiidra bnimiea Fab.), is an 
elongated, creamy-white, wrinkled, round-headed grub or larva. 
(Sec Plate II, Fig. B-2.) It hatches from an egg deposited by an 
elongate, mahogany-brown, shiny, flattened, winged beetle, from 
two-fifths to four-fifths of an inch in length. (See Plate II, Fig. B-1 .) 
1 1 appears that the eggs are deposited from August to October in the 
outer layers of the wood of the pole near the surface of the ground. 
The young borers, upon hatching, excavate shallow galleries in 
the sapwood, then enter tlie heartwood, the mines being gradually 
enlarged as they develop. As they proceed they clo.sely pack 
the fine boring dust behind them. This peculiar semidigested 
boring dust, which is characteristic of their work, is reddish to 
dunnish yellow in color and has a clay-like consistency. The 
burrows eventually end in a broad chamber, the entrance to which 

^ Circular 134, U. S. Bureau of Entomology, by T. E. Snyder. 
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is plugged with cxcolsior-like fibers of wood. Here is formed the 
resting stage, or pupa, which transforms to the adult beetle. 
Often all stages, from very young grubs only about one-fourth 
inch long to full-grown grubs over 1 inch long, pupa 3 , and adults 
in all stages to maturity are present in the same pole. Adults 
have been found flying from July to September. 

The insect attacks poles that are p(‘rfectly sound, but will work 
where the wood is decayed; it will not, however, work in wood that 
is “sobby’' fwet rot), or in very “doty’' (punky) wood. It 
has not yet been determined just how soon the borers enter the 
poles after they have been set in the ground. However, poles 
that had been standing only 4 or 5 years contained larviC and 
adults of this borer in the heartwood, and poles that had been 
set in the ground for only 2 years contained young larvie in 
the outer layers of the wood. 

The presence of the borers in injurious numbers can bo de- 
termined only by removing the earth from about the base of the 
pole; the largo holes made when the adults come out are found 
near the line of contact with the soil. Often large, coarse borings 
of wood fiber project from these exit holes. Sometimes the old 
dead parent adults are found on the exterior of the polos under- 
ground. During August the young adults may be found in 
shallow depressions on the exterior of poles below the ground 
surface. 

Marine Borers. — In many places along both the Atlantic and 
Pacific coasts timber used for piles in wharfs and other marine 
structures is attacked by marine wood borers. There are many 
kinds of such borers but tho.se which occur in our waters can be 
classed into three genera of mollusks, Xylotrya, Nausitoria, and 
Teredo, commonly known as “shipworms,” and three of crus- 
taceans, Limnoria, Chelura, and Sphffiroma, commonly called 
“wood lice.” 

The activities of the shipworms were known to the ancient 
Komans, who sheathed their ships against them. Clement 
Adams in the reign of Henry VI notes that upon the squadron 
sent out to discover the Northea.st Passage — “they cover a piece 
of the keels of the shippe with their sheets of leade, for they had 
heard that in certaine partes of the ocean a kindc of wormes is 
bredde, which many times pearceth and eateth through the 
strongest oake that is.”^ 

^ "Voyages and Travels” Vol. II, C. R. Beazley. 
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Xylotrya, Nausitoria, and Teredo^ in structure and mode of 
life are very much alike. Hence for all practical purposes a 
description of the work of Xylotrya will be sufficient (see Fig. 
1). The average diameter of an egg is less than 1/500 inch, and 
a single worm may lay 100 million in a season. When the egg 
hatches, the embryo swims around for about a month and the 
exposed surface of the wood is then attacked by countless thou- 
sands of them which immediately begin to bore. The hole by 
which it enters is minute, but beneath the surface the burrow is 
soon enlarged to accommodate the rapidly growing body. The 
burrow extends usually in a longitudinal direction and follows 
a very irregular, tangled course. 

There is some controversy as to the method by which boring 
is accomplished. It is possible that the body is held rigidly by 



an extensile sucker-like foot, ordinarily incased within the two 
shell valves (Fig. 1, a), and that the two valves revolve around 
this, cutting the wood away with fine, hard, tooth-like protuber- 
ances. It is possible on the other hand that the muscular ring 
near the posterior end of the body (Fig. 1, h) is pressed firmly 
against the walls of the burrow, and that the whole body, including 
the shell valves and foot, revolves slightly in both directions, the 
shell valves doing the cutting. It is probable, however, that the 
boring is done by a united action of the valves and foot. The 
posterior muscular end is probably the only portion of the body 
held rigid. The valves revolve slightly, cutting into the wood, 
partially in front and partially on the sides. At the same time 


^ Circular 128, U. S. Forest Service, “Preservation of Piling against Mar- 
ine Borers," by C. S. Smith, 1908, 
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thc' foot, eithoi' by {\w secretion of an acid substance, or of 
spicules used as a grinding- medium, assists in breaking down the 
wood fi})ers directly in front of the advancing mollusk. The 
hardest knots are penetrated witli ease, but the softer parts of the 
wood arc preferred. As tlie body grows it secretes a (‘akaireous 
substance to foini a. hard lining around the burrow. This is 
thicker in soft, porous woods than in those? which are hard and 
dense. 

At the posterior end of th(‘ bod}', just below the muscular ring, 
are two siphons, or tuixvs (Fig. 1, c). Through the shorter one 
the fine borings are^ ej(‘ct(al with the excreta; through the longer 
one water and food are taken in. The food consists wholly of 
infusoria, and is not obtain(‘d from the? wood itself, d’he sole 
object of boring into the? wood is to secure a plac(‘ of shelter. 

Xylotrya rapidly attains maturity. High temperatures pro- 
mote; quick work and hasteui bodily de'velopnuuit. The size 
attained by 1h{‘ adult dei)ends upon the; species, tlie locality, and 
the obstacle's to (‘xca.vation. In rare; case's a length of 0 fe'et, with 
a eliaiiH'te'r of oveT I ine-h, is said te) l)e attiiineel. Other specie's 
se'ldom attain a h'ligth e)f e)ve‘r h ine'lu's or a eliame'le'r e)f oven’ 
1/4 ine'h. 

44ie' pe)iiie)n e>f the' pile' e-ommenily attae'.ke;el is that l)e;tween 
me'an tide;-wat('r mark anel a point abe)ut 4 fe.'et be;le)w low water, 
thenigh some'times it e'xte'iiels de)wnwa.rd as far as the; pressui’e 
e)f the water will i)ermit. The entranea; hole;s elo not inelicate the 
extent of attack, as the entrane;e may be at mean tielc-water 
mark anel the active; be)ring head seve'ral fe;et abe)ve. On the 
othe-r hanel, part ejf the; e'xcavation may be be'low the; milel line, 
though the; enfraiie*e; is ne've'r so situateel. Me)re; than half of the 
weight of the; structure may be; rerrjoveel without any visible signs 
of eiete'i’ioratiem upon the surfae'c. Wlieai the; worm is dead, the 
minute; e'utrance hole's ejfte;n be;e;ome; fille;el with muel e)r d6bris, 
so that it is impe)ssible te) discover the true conelition of the pile 
without cho|)[)ing into it. 

The Phola is piimarily a marine ste)ne borer but certain species 
will attack woexl. In fe)rm it re'se'mble's a long clam. In boring 
it l)race's its ope;n slie'll against the; siele's of its excavatie)n, while its 
long sucking foot emerge's anel rubs the surface of the stone or 
wooel. Fartiedes of sanel are operated between the foot and the 
stone or wooel, thus grineling the excavatie)n. Granite, marble, 
or any kinel of stone seems to be attacked. Fortunately, its 
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ravn,}z;os on wood are not as oxtonsive as tlio Xylol ry a and 
Teredo. 

Undoubtedly all shipworins thrive best under the infiueiK'O of 
heat, though some can endure a relatively low temperature. 
Certain species have been reported from as far north as I'lastport, 
Me. Since warm wabu* incriMisc's th(‘ir activity and permits 
them to continue their atta(*ks throughout the greater portion 
of tlie year, shijnvorms ai‘c most destructive from (diesapeake 
Hay south to Jdorida, on the ( Julf of Mexico, and along the entire 
Pacific coast. 

The shipworm may be present in some waters, yet al)sent in 
others lU'iir by. ddiis is usually due to a. differeiuui in the water. 
Xylotrya a])peai‘s to ])e al)le to endure the brackish water of the 
inner New York Hai'bor, whil(‘ d’er(‘do cannot live there, though 
it is present in the ocean just outside. The shipworm is very 
active on the north Ihicific (h)ast, yet it is absent about the mouth 
of fJi(! (V)lumbia Pivuu', wh(‘r(‘ th(‘ amount of salt in tlu^ ocean is 
inllueiH'ed l)y the inflow of fresli waba*. The (^ifect of water 
conditions was also noticed in Holland during certain years in 
which the worms wcaa' unusually de.structive. Litile rain fell 
during those years, and tlu^ small amount of river water brought 
to the (“oast was thought to have allowed the ocean to l.)eeome 
more saline about the mouths of these sti-ean is. Analyses show 
that there is a variation in tbe ])roportion of salt present in the 
watei's of the coast during the dry and the rainy seasons. 

Observations along 01i(‘sai)ea,ke lb‘iy and the Gulf of iMexico 
indicate the species found there will thrive in waters with a saline 
density indicated by a specific; gravity of from I.OOol to absolute 
saturation, 1.0333; that they thrive in temperatures of from 
55° P. to the highest found along our coasts; that they work in 
absolutely clear and in very turbid water; that they seldom work 
to a depth of over 30 feet; and that the worst attack is usually in 
the very salty, warm, clear waters. 

The length of time required to destroy an average, barked un- 
protected pine pile in different localities is shown in the following 
table: 

Ib’om this table it will be seen that the average life of an un- 
treated pine pile on the Atlmitic coast south from Chesapeake 
Bay and along the entire Pacific coast is but from 1 to 3 
years. 
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Of the crustacoaii ])()r(a-8, Liituioria, or the ‘Ovood louse/’ is 
the only oiu^ of ^^reat iinportjuice 2). It is gregarious in its 
habits, and is about the size of a grain of rice, Tlio wood in 
whicli it tunnels furnishes both food and shel- 
ter, Iloring is done with very sharp man- 
dil)les. Idle litt le galleries excavated are about 
1/2 inch long and only slightly larg(a’ in dia- 
iiK'ter than the borer. The galleri(‘s extend 
inward radially, side by sid(‘, in countless 
numbers, so that the wood partitions between 
th(‘m are very thin and are soon destroyed by 
wave action, thus (exposing a fresh wood sur- 
face to attack. Jioring is carried on at the 
nite of al)out 1/2 inch per year. Soft and 
hard woods are both ch^stroyc'd, but soft woods 
much more quickly. If possible, knots, dense 
surnmerwood, and other ol)structions are 
avoided, llic attack is usually centered upon 
a limited zone above and below low-water 
Fig. 2.~Lirnnoria. mark. Hence where the tide is great the 
surface exposed to attack is large. 

Limnoria is reported by the U. S. Fish Commission as occurring 
rarely at a depth of 40 feet. It has a wider temperature range 
than Xylotrya, but requires pure salt water and cannot exist 
in dirty or fresh water. It is found along the Atlantic 
coast from Florida to Nova Beotia. It occurs sparingly in Long 
Island Bound, is quite abundant along the coast of Massachusetts 
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and in the Bay of Fundy. It also does ^reat damaj^e along the 
whole Gulf of Mexico, on the north Pacific coast around Puget 
Sound, and in the Straits of San Juan de Fuca. 

All the woods commonly used for piling are subject to the at- 
tacks of imirine borers. Some doul)t has been expressed whether 
l)orers attack certain species which are not indigenous to this 
country and some native woods that have an extremely porous 
structure. Examples of the first (dass are certain eucalypts, and 
of tlie second class, palms and palmettos. From investigation it 
is clear that speci(!s of the first class are not immune from attack, 
and that tliose of the second, although practically immune, are 
found in such small quantities and arc so lacking in the require- 
ments of structural timbers that the fa(d is not important. Hard- 
ness is no barrier to attack, although boring is probiibly slow in 
dense woods like ebony, eucalyptus, etc. Whenever partial or 
complete immunity is reported, it is perhaps largely due to local 
conditions rather than to the kind of wood. 

Mechanical Abrasion. — Wood placed in service is often de- 
stroyed sol(‘ly from mechn ideal causes, and when these cannot be 
mitigated or eliminated, the protection of such wood from decay 
is frequently inadvisabk'. Of the various forms of structural 
timbers, cross-ties are most subject to serious mechaidcal wear, 
and the loss from this cause is estimated at 15 percent of the total 
numb(‘r of ties annually ih'istroyed. Wood paving blotFs, piling, 
and planking used in piers, timbers in cars, and all forms of 
vehicles, mine props, etc., are subject to mechanical deterioration. 
In many cases no jirotection can lie afforded the timber from such 
loss, as, for example, occurs in mine props subject to “squeeze.” 
It frequently happens, however, that the wood can l)e protected 
l)y coating its surface with some hard substance such as iron on 
those portions where the abrasion occurs. At times, protection is 
afforded by coating the permanent timbers with timbers that are 
oidy temporary and whose function it is to absorb shock and stand 
all wear. 

Fire.-— The action of intense heat on wood is .so well understood 
that little or no comment is necessary. Combustion, of course, 
occurs, the wood feeing decomposed into carbon dioxide, water 
vapor, and ash, so that its original properties are completely 
changed. Wood which is wet or is in a green condition is much 
moie difficult to ignite than wood which is dry, because it can 
absorb considerably more heat units in converting the water it 
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contains into steam. Consequently, wood containing high 
percentages of water is less liable to injury from fire than wood 
which is dry. Most structural timbers, however, particularly 
those used in buildings where they are protected from the 
weather, are sufficiently dry so that they can easily be ignited, 
d'lie fire losses in the United States are enormous, reaching a sum 
estimated at 1215,000,000 a year. Of course, the value of the 
timber actually destroyed is but a small percentage of this 
amount, most of it being for labor of construction and for other 
mat(‘rials and products. There is no doubt but what this loss can 
be very materially reduced, as is shown by conditions a])road, but 
to secure most successful results it is felt that the building itself 
should not only be fire-retardant but that as many of its contents 
as possible should also be made to resist the flames, and the general 
public educated to exercise caution. 

Minor Factors. — In addition to the factors just discussed, there 
are a number of others of minor importance which destroy or 
injure wood. 'I'he chief of tliese are alkaline soils, birds, sapstain 
and sand storms. 

Alkaline Soils. — In many portions of the United States, par- 
ticularly in the West, vast areas of soil are more or less alkaline. 
Generally speaking, two kinds of alkaline soils are recognized, 
‘‘black” and “white” alkali. Black alkali is sodium carbonate 
while the white is sodium sulphate and other sodium salts. It 
has been repeatedly claimed that wood ’in contact wjth such soil 
will be rapidly attacked and soon become worthless. Pieces of 
wood flumes, poles, and ties have been received that were claimed 
to have been destroyed l)y the soil. In all cases examined the 
specimens showed the presence of wood-destroying fungi. For 
example; Mr. A. 0. (‘ampbell, Assistant Engineer of the Oregon 
Short Line Bailroad Company, submitted for analysis in 1908 
several samples of ties, ballast, and soil which he took from a 
portion of the line known as the Lucin Cutt-off between Ogden 
and Lucin, Utah. These ties had completely deteriorated in 
about 8 years. A chemical analysis showed the water- 
soluble materials washed from the ballast and soil in which the 
ties were placed contained about G percent of sodium carbon- 
ate. A microscopic examination of the wood, however, showed 
it to be full of fungus mycelia. It is thought that the amount 
of alkali in most alkaline soils is too small to seriously affect the 
strength of wood in contact with it, but that under certain condi- 



Plate III 



Fid. A. — Cc'dar ties badly damaged liy rail ruttiiifi;. Upper section 
shows tie without plat(‘, lower section shows tie plate was too small. (Forest 
•Service plioto.) 


{Favinti pmje JO.! 



Fi(i. ('. -Hcsult.s of a fin- at llu- Arlirif;ton Maiiufact iiriiiK (Jompatiy'f 
Mill, Arlington, X. J. In rchuihliriK. wood la-anis w(‘n‘ iisc-d Mirou^liont 
(IMioto courtesy of the Boston Mff?. Mutual Fire Ins. (M.) 
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tions of wiirm temperature and abundant moisture, chemical 
action ])etvveeu the alkali and the wood mi^ht occur and deteriora- 
tion result in time. As the chemical action of these alkalies 
upon wood even under the most favorable conditions is but sli^jjht, 
as is indicated by tests to reduce wood to pulp, most of the trouble 
that has been exi)eri(aic(Ml can be attribut(‘d to d(‘cay. 

Birds. — ^Woodpeckers are tlu^ only birds which arc charged 
with the destiuction of structural timber. Telephone and 
telegraph poles seem to be the chiiT forms attacked, although 
at times they will drill holes into dw(‘llings. In lOOb, the 
author made a count in Louisiana of a number of telegraph poles 
attacked l)y woodpeckers. ^ Out of 208 poles, IJO or 41 percent 
had been bored into. In southern Indiana another examination 
was mad(^ of two pole lines near (Jreenwood. In one, which 
extended north, 21 i)ercent of 80 pok^s examined had been 
attacked, and in the other, which ran south, out of 58 poles only 
59 percent were uninjurcMl. 

ddie woodi)eckers whicli are most injurious are the ant-eating 
woodpecker {M (‘hnierpes fonuicivoriyus:), the gold-fronted wood- 
pe(^ker {(Umlvrus aurifrons), and the red-lu'aded woodpecker 
{Melaucrpeti iiulhroccphaluH) , this latter species being the one 
common in oui* northei-n states. The poles arc attacked by the 
birds chiefly for the insects contaiiKul in them or for nesting sites. 
In some cases, however, particularly with the ant-eating wood- 
pecker, they are used as a storehouse for food. These birds will 
frccpiently fly for miles with an acorn in their bill, drill a hole in a 
pole, and insert the acorn in it, to be used later for food. 

Woodpeckers usually attaerk a pole near its top, although at 
times they mryy bore within a few feet of the ground. Some 
obseryations made on a telegraph line paralleling a railroad in 
lermessee slnnvxnl that those poles whicrh were imbedded in hill 
tops above the level of the track were the ones most seriously 
attacked, while those which were in the valleys so that their 
tops were not higher than the level of the track were seldom at- 
tacked. The number of holes in a pole may vary from one to a 
dozen or more, although these larger numbers arc not common. 
The size of the hole varies from about 1/2 inch to 3 
inches in diameter. When used for nesting sites, the birds may 

^ Some observations on the attack of poles by woodpeckers. — II. F. Weiss, 
Engineering Nows, January, 1911 . 



28 THE PRESERVATION OF STRUCTURAL TIMBER 


hollow out a pocket 6 or 10 inches in diameter and a foot or more 
in depth. 

The question of interest to telephone engineers is to just what 
extent such poles are weakened. It has been found from measure- 
ments that a 30-foot northern white cedar pole tapers approxi- 
mately as follows: 

Cirouiilfcrcncc (indies) Distance from Imtt (feet) 


43 

0 

37 

f) 

36 

6 

34 

10 

32 

If) 

29 

20 

27 

2.5 

24 

30 


Assuming the pole a cantilever beam loaded at one end, it is 
found that it may be hollowed to the extent shown in Fig. 3 




without decreasing its strength. For 
example, at 10 feet from the ground if 
only 2 inches of the outer shell are 
left, the pole will be approximately as 
strong as though it were solid. If, 
however, the attack is less than 4 feet 
from the ground, the pole will be 
weakened. This illustration neglects 
the damage done by the entrance into 
the pole or the subsequent decay which 
may follow, and assumes that the bird 
builds its nest exactly in the center. 
On the other hand, it assumes that 
the pole has a uniform moisture con- 
tent throughout its length and that 
the outer fibers of wood at the ground 


^ J / I ^ ^ line are sound. 

Iladiua ol role, Inchci i m i 

Fio. 3,-Diagra.n8how- The American Teleplione and Tele- 
ing the extent to which a graph Company made a few tests in 
Suu“p"ai;ingScn^th: 1908 "0“^ Z““««ville, Ohio, to deter- 
mine the effect of woodpecker attacks 


on the strength of poles. These tests were made by fastening 
a rope around the top of the pole and pulling with a block and 
tackle to which a dynamometer was attached. In nine out of 
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twelve cases the poles broke at the ground line and not at the 
points attacked by the birds. It appears, therefore, that the 
destruction of poles by birds is but very slight and, considering 
the good which they do in destroying insects, is no justifica- 
tion for killing them. 

Sap Stain. — When freshly cut sap lumber is piled in the open air 
to season it frequently becomes discolored in a few days. This 
discoloration is not due to weathering but to the growth of certain 
fungi which live upon the materials in the sapwood cells. Wood 
thus attacked is considered defective and its value is frequently 
reduced from 50 cents to $2 per 1000 feet board measure. Perhaps 
one-fourth of the annual mill cut of the United States is attacked, 
the most severe damage being in the South. Any locality where 
warm damp air surrounds the lumber is favorable to the produc- 
tion of stain. Estimates for the whole country place the annual 
loss from sap stain at about eight million dollars. 

It is commordy held that lumber attacked by stain is decayed 
and hence reduced in strength. This decay apparently is very 
slight, because the fungi which produce the stain do not attack 
the wood substance to any appreciable extent but rather live 
u[)on the materiids stored in the cells of the wood. Carefully 
conducted tests on stained and unstained wood were made by 
the Forest Products Laboratory at Madison, Wis., the results 
of which are shown in Table 2. 


Table 2. — Summary of Te.sts Showing the Strength of Sap-stained 
Wood*. 





Strength in static bonding 


Species 

Mois- 
ture per- 
cent at 
time of 
test 

Condition 

F.S. at 
EL. 
(pounds 
per 

s<iuare 

inch) 

M. of H. 
(pounds 
per 

scpiaro 

inch) 

M. of E. 
(1000 
pounds 
per 

.s<iuaro 

inch) 

Res. to 
M.L. 
(pounds 
per 
cubic 
inch) 

Hard- 

ness 

total 

load 

pounds 

Shortloaf pine. . . 

Longleaf pine 

17.7 

0.5 

8.7 

17.0 

7.32 

7.34 

Unstained 

do 

Stained 

Unstained 

do 

Stained 

6.29,'> 

7,729 

8,902 

7,322 

10,932 

11,295 

10,040 
13,736 
14,081 
11,679 
16,759 
17,858 i 

1,559 

1,792 

1,883 

1,785 

2,187 

2,374 

9.8 

9.8 

9.4 

8.5 
11.97 
11.77 1 

857 

054 

852 

772 

910 

883 


They show that for the same moisture content the heavily stained 
shortloaf pine was slightly weaker, less tough, and showed less 
surface hardness than the unstained. In the longleaf pine, which 

* Circular 192, U. S. Forest Service, “The Prevention of Sap Stain in 
Lumber," by Howard F. Weiss and Charles T. Barnum. 
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was only sliglitly stainod, the differoiicos in strcnp;th, ton^linoss, 
and hardness between stained and unstained boards were too 
slight to be noticed. Tininense numbers of minute spoies soon 
form on the freslily eut sapwood and are IjIowii by the wind like 
dust until they alij;ht on other wood, when they start to ^;erm- 
inate. It is chiefly in this way that the stain is spr(‘ad and be- 
cause of the enormous numl)ers of spores produced, lumlx'r 
cut durin^i; the warmer months has litth* chance of drying without 
bein^ attacked. So far, then, as this cause is concerned, we may 
consider sap stain as analogous to decay, but the results as shown 
above are decidedly different. 



CIIAPTIOR III 

THE EFFECT OF THE STRUCTURE OF WOOD UPON ITS 
INJECTION WITH PRESERVATIVES 

The Effect of Density upon Absorption. — It is well known that 
tlio striietnre of wood has a very pronounced effect upon the 
nuinncr in which pr('servativcs can be injected into it, so that 
all kinds of wood cannot handled in the same way and uni- 
form results secured. It is the purpose of this cha})ter to show 
the (‘ffect of the various structures so far as they are known upon 
the diffusion of the [)reservatives, without ^oin^ into a detailed 
discussion of wood formation and composition. 

For our purposes we may consider wood as bein*^ composed 
of a mass of small, hollow fibers or cells of various sizes and 
forms more or less closc'ly [)acked topiether. The materials of 
which they are composed are chiefly cellulose and lif'nin. Those 
substances, in themselves, are heavier than water, so that, were 
th(5 cells solid, the wood would sink in water. The wcaj^ht or 
density of wood is largely dependent upon tlui amount of air 
space in the various cells and it is this confined air which gives 
wood its buoyancy. Thus in woods like ebony or hickory the 
c(‘lls ar(^ (h'use and the air spaces small so that a cubi(t foot of 
such wood contains a large percentage of solid wood substance. 
In other varieties like white pine or (aalar the cadis have larger 
air spaces and there is a smaller percentage of solid wood sub- 
stanca^ so that tlu^ wood is light and will readily float in water. 
Painstaking research has shown that the density of wood sub- 
stance irrespective of species is practically the same, being 
al)out 1.55 specific gravity, or about 97 pounds per cubic foot. 

It would appetir that woods which are light in weight and 
hence have considerable air space would absorb preservatives 
more readily than woods which are heavy. Such, however, is 
not the case, hence the ability of wood to absorb preservative 
cannot be judged from its density or weight. In other words, 
the resistance of wood to wjcction with preservatives has little to do 
31 
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with the dry weight of the wood. This is an important fact on 
which many writers and engineers have been lead astray. Under 
identical conditions of test white spruce heart wood which weighed 
oven-dry 25 pounds per cubic foot absorbed only 6 pounds of 
creosote per cubic foot, while heart longleaf pine weighing 39 
pounds absorbed 13 pounds of the oil. Numerous other ex- 
amples could be given which prove this beyond all reasonable 
doubt. There seems, however, to be a rather direct relation 
between density and absorption in wood of the same species. 
Thus red oak, for example, which is comparatively light in 
weight, will absorb more preservative than red oak which is 
lieavy. The difference is not great and has little practical sig- 
nificance. Similar observations have been made on maple. ^ 
Whether or not the relationship will hold for all species cannot 
be stated. As the dry weight of certain woods depends on the 
rate at which the woods have grown, a relationship between 
absorption and rate of growth can be said to exist, although this 
is not strongly defined. 

Absorption by the Cell Walls. — It has been held that the cell 
walls of wood do not absorb creosote, hence the amount of this 
oil which can be impregnated into wood depends upon the amount 
of air space which the wood contains. This claim is not strictly 
true. Tests made at the Forest Products Laboratory show that 
the cell walls are capable of absorbing creosote although the 
amount is very small and of little significance in practical opera- 
tions.^ In these tests a number of pieces of hard maple, yew and 
hemlock, 2 3/4 X3/4X 1/8 inch were dried in an oven at 212° F. for 
24 hours then placed in a desiccator and weighed when cold to 
the nearest 0.00 1 gram. The volume of each piece was then deter- 
mined by displacement and the specimens impregnated with 
water-free creosote for I hour under a pressure of 250 pounds 
per square inch and temperature of 175° F. The volumes of the 
pieces after treatment were then determined and compared with 
the volumes at the same temperatures before treatment. 

The average increases in volume resulting from the treatments 
of the three species in percent of the volumes before treatment 
were: 

^Bulletin 126, U. S. Forest Service, “Experiments in the Preservative 
Treatment of lied Oak and Hard Maple Cross-ties. “ F. M. Bond, 1913. 

® Circular 200, U. S. Forest Service, “The Absorption of Creosote by the 
Cell Walls of Wood,” by C. H. Teesdale. 



THE EFFECT OF THE STRUCTURE OF WOOD 


33 


Percent 


Yew, heartwood 6.81 

Yew, sapwood 10.70 


Hemlock, lieartwood 7.30 

PTard maple, heartwood 8.14 

The Effect of Sapwood and Heartwood upon Injection. — The 

sapwood is commonly defined as that portion of the tree in whicli 
the wood cells are alive and perform vital functions. It always 
occurs immediately under the bark and can usually be disti nguished 
from the heartwood by the li^:hter color. The width of the sap- 
wood varies considerably in the dilYerent kinds of wood, beinj^ 
very narrow in such varieties as chestnut or black locust and wide 
in others like loblolly pine and rod This difference has a 

very direct l)oaring on the treatment of wood, because the sap- 
wood of all species can l)c readily impregnated with presei vatives. 
In some varieties the sapwood is easy to inject while the heart- 
wood is practically impenetrable. This is typified by tlu' red gum 
and Douglas fir. In other woods like hemlock, there is little 
difference between the resistance to penetration offered l)y the 
sap and heartwood. These differences are often very marked, as 
is shown in Table 3. The s()ecimens of wood were select(‘d from 
various species, dried to tlie same degree of moisture, and all 
impregnated at the same time in a treating cylinder at the 
Forest Products Laboratory by tlu^ full-cell creosote j^rocess. 

Table 3. — The Absokptionof Coal-tar Creosote by the Heart-wood 
AND Sapwood of Var[ous Woods Givem Exactly the 
Same Treatment. (Size of Specimens 2X2X12 


Inches; Six in I'ach Test) 


Kind of wood 

Douglas fir 

1 AveraRo absorption 

1 per cul 

Hcartwoo<l 

. 1 4.38 

of erco.solc, pounds 
ic foot 

Sapwood 

14.46 

West, yellow pine 

16.14 

28.74 

Longloaf pine 

.! 12.90 

34.20 

Lodgepole pine 

12.84 

31.56 

Eastern hemlock 

17.28 

18.78 

Alpine fir 

3.66 

4.14 

. White spruce 

, i 6.42 

8.22 


3 
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The reason why sapwood as a rule is more permeable to the 
passage of preservatives is not definitely known. So far as 
the size, shape and strength of the cells are concerned there is 
little difference between those in the sapwood and those in the 
heartwood. It is quite likely, therefore, that the reason must 
be looked for in changes which occur in the composition of the 
cell walls when they are transformed into heartwood cells, or 
in the cell contents or in the character of the pits in the cell 
walls which become changed in position and more or less per- 
manently set. Much further work remains to be done before the 
true cause is determined. 

The Effect of Summerwood and Springwood upon Injection. — 

All of the commercially important American woods grow by 
adding a successive layer of wood with each successive year of 
life. These layers are concentric and are called “annual rings." 
Normally, one such annual ring or layer is produced each year, 
so by counting the number of such rings from the center to the 
outside of a piece of wood, the number of years it took to grow 
the wood can be directly determined. In most varieties of trees 
there is a vast difference between the character of the wood 
in the annual ring formed in the spring and that formed in the 
summer. The former is called “ springwood," the latter “summer- 
wood." Thus in longleaf pine, for example, the cells in the 
springwood have much thinner walls than those in the summer- 
wood. This of course makes the springwood much lighter and 
weaker than the summerwood and causes the banded appearance 
so noticeable in edge or “ cornb-grained " yellow pine lumber. In 
other coniferous woods like white spruce the difference in the cells 
of the spring and summerwood is not so pronounced and hence 
such wood is much more uniform. The same differences occur in 
certain hardwoods like oak, ash, etc., where many of the cells in 
the springwood are so large as to be called “pores" or “vessels." 
In other hardwoods like the maple, beech, birch, etc., the dif- 
ference between the spring and summerwood is slight and hence 
these woods possess greater uniformity. In all woods which have 
no marked difference in the spring and summerwood the injec- 
tion of preservatives is fairly uniform throughout the entire annual 
ring. The beech, maples, firs, spruces, etc., fall in this class. 
(See Plate IV, Fig. D.) Great irregularity in penetration and 
absorption occurs in the other types of wood. Thus in longl(^af 
pine, red oak, ash, etc., the treatment will often appear in bands 



Plate IV 



I [«. A, LonKloaf pine hoards pile(i solidly after one month’s exposure to 
sap stiiin fungi. H()ards on left, untreated ; hoards on right dipped in a weak 
solution of mereuric chloride. Note ahsenec of stain. (Forest Service 
photo.) 



{Facing page 34.) 



Fig. C. — Cross section throuf^li maple — a “{liffuse ])orous” wood. Note 
pores s(!attere(l tliruugli (oitire width ot‘ annual ring. X oD. (Forest Service 
photo.) 
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Fig. L). -(’ros.s H(‘ction through spruce a. “nonporous” wood. Note 
aliseiice of pores. J^arger openings are “resin duct.s’’ or cells. X 50. 
(d'orcst Service photo.) 



Fig. E. -Cro.ss section through white oak. Note pores clogged with “ty- 
lo.ses.” Compare with red oak. X 50. (Forest Siwvicc i)hoto.) 
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Fig. F\ — Radial section through pine. Note bordered pits or “eyes/’ also 
how libers fit into (jiie another. Vertical cells on extreme left are me<lullary 
or “pith ray” cells. X 2.50. (F'orest Service photo.) 
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(in a cross section view) or streaks (in a radial view). This is 
because the spring; and suminerwood offer different resistances to 
tlie passage of the preservative. In red oak and ash most of the 
pTeservative will be found in the spring wood, while in longleaf 
pine most of it occurs in the dense suminerwood. The exact 
reasons why these differences occur will be described further 
on. It follows, therefore, that the rate at which certain woods 
grow affe(‘ts very a[)preciably the uniformity of the treatment 
secured. When the tree grows rapidly, the annual I’ings are 
comparatively wide, hence the bands of heavy and light treated 
wood are pronounced. (See Plate V, Fig. A.) When growth has 
been slow these rings are narrower and the bands are much 
less pronounced. (See Plate V, Fig. B.) In general, therefore, the 
species which have pronounced differences in the spring and sum- 
merwood have a much greater irregularity in the treatment of 
the annual rings than those which are of a more uniform 
stucture, especially when of rapid growth. It is largely because 
of these differences that the number of rings per inch allowed 
in certain classes of material, such as paving blocks, is specified. 

The Effect of Vessels or “Pores’^ on the Treatment of Wood. — 
All varieties of American “hardwoods” possess elongated cells 
called “vessels” or “pores.” These are characteristic of hard- 
woods and form a relialile means of distinguishing such woods 
from the “conifers” in which the vessels are entirely absent. 
These pores occur in two ways: first, scattered through the annual 
rings, and second, as bands of “rings” in the springwood of the 
annual ring. Because of this difference the hardwoods are 
commonly classified as diffuse porous (maple, birch, beech, etc.) 
and ring porous (oak, ash, hickory, etc.). These pores, which 
are often so long as to resemble capillary tubes, are easily filled 
with preservative and offer ready channels for conducting the 
preservative into the wood.^ Thus in red oak the pores are so 
long that it is possible to blow through a piece of this wood 4 
feet or more in length. It can be easily understood, therefore, 
why such woods readily absorb preservatives and why the 
character of the treatment secured depends so much upon the 
arrangement of the pores. 

The Effect of Tyloses ontheTreatmentof Wood.— It frequently 
happens that the vessels described above arc clogged with a cell 

^ When the pores are filled with ‘Hylo.sc3” this statement does not hold, 
bee discussion under ‘Tyloses.^’ 
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growth which prevents the passage of air or liquids through them. 
This growth is characteristic of certain kinds of wood like white 
oak and black locust and renders them practically impervious to 
absorption. It is caused by cells, called “tyloses,” growing into 
the vessels. (Sec Plate IV, Pig. E.) These may occur even in the 
sapwood and when they are present the vessels cannot be pene- 
trated. In some kinds of wood like white oak, tyloses are uni- 
form throughout, only a few vessels being without them. In 
other varieties, like black oak, tyloses occur irregularly through 
the wood. Thus in certain parts of a stick the vessels may be 
few and the preservative will readily enter, while in another part 
the tyloses may fill the vessels and absolutely prevent any 
entrance of the preservative. In such cases a very irregular 
diffusion of the preservative naturally occurs. There is no way 
of telling to what extent the tyloses occur in these woods ex- 
cept by a careful microscopic examination. From a large num- 
ber of microscopic examinations of various American woods it 
is possible to class them into three groups depending upon the 
presence or absence of tyloses.^ 

Group 1 — Tyloses absent — the maples, birches, blue beech, 
flowering dogwood, holly, silverl)ell, ])lack and water gums, 
black and red cherry, basswood, persimmon, honey locust. 

Group 2 — Tyloses few — yellow buckeye, beech, red gum (sap), 
yellow poplar, magnolias, sycamore, black cottonwood, eucal- 
yptus (blue gum), white and (3rcgon ashes, and the elms. 

Group 3 — Tyloses abundant — large tooth aspen, hardy catalpa, 
desert willow, green, pumpkin and blue ash, mockernut, water 
pignut, shellbark, bitternut, nutmeg and shagbark hickories, 
butternut, black walnut, red mulberry, blackjack, white, Garry, 
overcup, valley, burr, cow, post and swamp white oaks, black 
locust, and osage orange. 

Tyloses were also found very scatteringly in the pines, but in no 
other conifers examined. 

The Effect of Resin Ducts on the Treatment of Wood. — As 

mentioned above, conifers do not possess vessels or pores. Some 
of them do, however, have a structure which, so far as a penetra- 
tion with preservatives is concerned, functions like pores. This 
structure is called a “resin duct,” and as the name implies, it is 
a duct or “ pore” usually producing and containing resin. Except 
when the ducts are clogged with resin or some other obstruction, 

‘ From examinations by Eloise Gerry, U. S. Forest Products Laboratory. 



Plate V 



Fi<i. A. — Cross st'ctioii tliroiigh a lolholly piiio tie. Note wide rinjis 
sliowiii); rapid j^rowth, also note sharp transition of si)rinjj; wood and 
suininerwood. 



Pkl II — Ooss sections through two long leafpine stringers. Note 
narrow rings eapc(!ially in sapwood, sliowing slow growth. (Forest Service 
photo.) 


{Facina page 3G.) 
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Cross si'ctioii tlirounli lh(‘ sumnicrwood of larch (tirt'atly 
fi(Ml) sliowiiiji; slits in cell walls. (J'orcst Si'rvicc photo.) 
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they afford channels for the ready penetration of the preserva- 
tive. Some experiments have been made at tlic U. S. Forest 
Products Laboratory to determine the effect of resin in the 
ducts upon the entrance of coal-tar creosote. It was found that 
siKih resin, particularly when it is old, has a very marked effect 
in retarding the entrance of the oil. When the test l)locks of 
wood were first extracted with a resin solvent and tlion dried, the 
creosote entered the wood very easily. 

The position of the resin ducts in the wood affects very materi- 
ally the character of the treatment. Thus, in lonj^leaf and lob- 
lolly pines the resin ducts are largely in the summerwood and 
because of this the summerwood is more penetrable than the 
spriiigwood even though it is much denser. Some exacting 
tests have been made by C. H. Tcesdale to secure definite in- 
formation on this point. Pieces of the summerwood of loblolly 
pitie which had a specific gravity of 0.95 and pieces of springwood 
cut from the same specimeus which had a specific gravity of 
0.39 were impregnated at the same time with coal-tar creosote. 
The summerwood absorbed 1.8 times as much creosote as the 
spriiigwood. There is little doubt but what the resin ducts had 
much to do with this difference and it is largely because of them 
tliat longleaf pine paving blocks often show a ‘Mianded” treat- 
ment. In redwood the ducts ociuir mostly in the spriiigwood and 
in this siiecies a better absorption and penetration of preservative 
is secured in the spriiigwood than in the summerwood. 

The resin ducts also occur in certain species in the medullary 
or pith rays. These are layers of cells which radiate from the 
circumference of the tree to the center. In all coniferous woods 
which possess such ducts, good radial penetration of the preserva- 
tive is secured (from the outside toward the center). This fact 
is of considerable importance commercially because in order to 
secure good treatments, especially in round timbers like poles or 
piles, it is essential to peel all of the bark off them; otherwise 
the ends of the ducts will be plugged by the bark and little or 
no penetration at that point secured. It is believed that care- 
lessness in peeling such woods is one cause of the rapid destruc- 
tion of creosoted piling, as it leaves streaks of untreated wood 
extending to the interior of the stick and thus affords avenues of 
attack by marine borers. Pieces of wood 2 X 4 X 25 inches 
were impregnated by Teesdalc with coal-tar creosote under 
identical conditions. Those which contained radial resin ducts 
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were penetrated radially from onc-foiirth to thn'e-foiirths as 
far as they were lonj^itudinally. In those woods whieh had 
no radial duets, the radial penetration varied from one- 
twentieth to one one-hundred twentieth of the lonj»:itudinal 
penetration. Jhaetieally all of the pines Ix'loii^z; to the former 
elass, while many of the larches, firs, hendocks, and s])ruc('s 
belong to tlie latter. 

The Effect of Pits upon Injection. — The penetration of pr(‘- 
servatives in woods (‘ontaiiiing vessels and resin duets can largely 
be explained by their pr(‘senee. In certain woods, however, 
where neither of tlu^se are pr(‘S(‘iit or wlu're they are restricted, 
the maniu'r in whicli pcmet ration 
occurs is not easy of explanation. 
Accoi’ding to Bailey,^ “ whenever pre- 
servatives are injectenl rapidly into 
gr('(‘n or s(‘asoned wood, the pen(‘- 
t rat ion tak(‘s place ))ri!narily through 
th(‘ cavities of the ce'lls, and th(‘ pre- 
seu'vatives pass from one C(‘ll to an- 
otlu'r through the bordered pits.” 
Th(‘S(‘ bordered i)its may lx* likened 
to micre>se*opic ”valve.‘s” oeaniring in 
the walls ed’ the cedis. (See Plato IV, 
Pig. P.) When the cells are alive as 
in sapwoejel, the^ passage e)f li(|uiels 
through the' pits is more* or le'ss e'ontrolle'el by the “terns,” 
which is a thickening e)f the^ mieldler j)e)rtie)n e)f the cell wall. 
When the ce'lls are ele'ael, as in heartwe»e)el, the te)rus ceases to 
move anel fre'ejuently becomexs fastene'el to the pit, thus mere or 
h'ss ed‘feu;tiv(dy cle)sing the opening to the passage of liepiids. 
Baile\y furthe'r state's that the^ me'uderane's of the ])orelereel pits 
are not always entire but peesse.ss nume're)us minute pei'forations 
(Pig. 4). “ In green we)oel the be)rele;reel pits anel membranes are 

very pernie!al)le to afjueM>us sedutions, but are comparatively 
impervious to unelis.solve‘el ga.se\s anel to e)ils. This is elue to 
capillary eer surfaen tension phenomena and the valveyliko action 
of the torus.” The eixperiments e)f this inve‘.stigator throw much 
valuable light upon the* [)erple;xing pre)bleni eef the penetration e)f 
woeed and account fer .some eef the results securexl in its treatment. 

^ The Preservative} Treatinent of Wood,” hy Irving W. Bailey, Harvard 
School of Foreistry, 1913. 
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The Effect of Cell Slits upon Penetration. Experiments con- 
ducted 1)}^ Tieinann of tlie U. 8. Forest Products Laboratory’ 
sliow that the wnlls of wood c(dls frequently slit open in drying. 
These slits as a I'ule are more discernible in thick-walled cells 
than in thin-walled cells. (Sea; Plate V, Fig. C.) Th(‘ir j)resen(^e 
has been advanc(‘d by Tiemann and the author a a possible means 
of aiding certain liquids to penetrate wood substance, because they 
furnish points of weakness in the cell wall. 

The Effect of the Chemical Composition of the Cell Wall 
upon Absorption. — All the |)h(momena noted al)ove relate to the 
physical structure of wood in relation to its absorption of liquids. 
In addition to them, it is |)rol)abl(‘, although by no means proven 
as yet, that the; conq)osition of the cell walls in various woods 
exerts a strong influence ui)on the manner in which they absorb 
preservatives. Thus, wlaui tla^ walls are reenfoi'ccd by sul)se- 
(pient deposits of wood substance, it is (piite likely that a dif- 
ferent (‘ffect is produc(‘d than wluu'e no such thickening occurs. 
In addition, tlu' cluunical (composition of the various layers may 
be different, as well as the character of the materials deposited 
upon them. Their combiru'd action, tluwefore, in nctarding 
oils and waUcr solutions ma,y b(c a variable one, and hence the 
charactei* (jf the absorbtion and pcuudration obtained may also 
vary. "J'o just what (extent this is true is md- known. This 
I)r()l)lem still furnislnxs a fertile field for original res(‘arch. 

It can be se(ui from tine above discussion that the manner in 
whicch ])reservatives penetrate wood is very comph'x. No single 
factor in itself eidirely (‘xplaius it, so it can be accounted for only 
by taking several or all of them into consideration. 

’ Bulletin 120, Amerienn Baihvay Ktigineering Association, 1911. 



chaptp:h IV 

THE PREPARATION OF TIMBER FOR ITS PRESERVA- 
TIVE TREATMENT 

The Cutting Season. — T1 um-c lias Ixumi iniich disc-ussiou coii- 
(‘(‘iTiiiig tlie dT(M‘t of (uittiiig timber in various seasons upon its 
durability. The eonstmsus of opinion gives preference to winter. 
This is undoubtedly correct in that lind)or cut at tliis period 
is mon^ liable to be in better condition than that cut at any other 
season. In so far as tin* cont(‘nts of the wood cells are con- 
cerned, timbei' cut in wintf'r, as a rul(\ contains its largest per- 
c(‘ntag(' of organic inat(‘rials, such as starch, these being .stored 
in th(‘ cells as availabh^ plant food for th(‘ lu'xt spring. Tln'si* 
organic mateiials ar(‘ also nxidily attacked by wood-dt^stroy- 
ing orgmiisnis .so that a given atnount of wint(‘r cut wood, other 
tlnngs b(‘ing ecpial, contains more food material for these de- 
structive ag(aits than wood cut at otlnn* timt's of tlui year. 

On the other hand, wood cut iti wintcu’ is h'ast sul)ject to im- 
mediate insect a,nd fungous attack because, during winter, in.sect 
and fungous activities are at a minimum. Moreover, freshly 
cut wood is h'ss abh^ to olha- resistance to the attacks of these 
ag(‘nts than thoroughly .s<‘asoned wood. 

Aside from dang(fr from insect and fungous atta(‘k, the problem 
of sc'asoning is also of gnxit monnmt, and, as will be shown later 
on, wood cut during spring, summer, and (‘a,rly autumn dries 
much more rapidly thati wood cut in winbu'. ddiis rapid drying, 
unl(‘ss it is properly saf(‘guard(‘d, will oft(ui cause; green timber to 
ch(;ck and split, thus not only weakening the wood but also 
exposing mor(‘ of its surface to attack. 

ddn; season of cutting also has a rnarkeul (effect upon tlio 
reproductive power of tlie fonest, esptecially if the forest is com- 
poseed of spe(;i(;s that sprout from the .stump, like; mo.st of our 
liardwoods. Sjerouts from winteer cut stumps are usually much 
more vigorous and thrifty than those from stumps cut at other 
seasons; in fact, the sf)routing capacity of stumps can often be 
killed by cutting timber in summer or early fall. 

40 
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Contrary to popular boliof timber cut in winter often con- 
tains as mucJi water and at times, more water, than timber cut 
at other periods. The common expressions that in winter the 
“sap is down” and in summer “up” account for this fallacy, 
whereas in reality it is only dormant, so that if the tree is in- 
jured in this period th(‘ sap does not readily exude from it. The 
author made some careful b^sts alon^ these lines when cutting 
chestnut timber for poles in Maryland, and found that those cut 
in winter actually contained more water than those cut in 
summer. 

Cenerally speaking, it is easiest to remove felled timber from 
the forests in winter because of climatic and labor conditions, 
althouf^h in the South, wheae^ no marked clianj^es oc(!ur, this of 
course is not true. In certain northern states, as in cedar opera- 
tions in the Lake Ueg:ion, it is almost impossil)le to lo^ except in 
winter. Furthermore, the large amount of timber cut by farnn^rs 
is felled by them during the winter months because they are not 
then engaged in caring for their food crops. 

Peeling Timber. — Practically jd! preservative ju'oeesses recpiire 
the com|)lete removal of bark before the wood can be successfully 
treated. Generally, the best time to remove the bark is im- 
mediately after the tree is felliHl. In sawed products the bark 
usually is removed at tlu^ mill in slabbing the log. Bark can be re- 
moved most easily in the spring (sec Plate V, h’ig. D), but adheres 
tenaciously to the wood when (uit at other periods. It is com- 
paratively easy for this reason to toll timl)er cut in the spring. 
I he early removal of the bark lossims the weight of tin' product, 
decreases the danger from ins(‘ct and fungous attack, and causes 
the wood to dry more rapidly. Because of the great resistance 
of bark to penetration by liquids, it is essential to carefully and 
complet(^ly rtanove it, if good n^sulls in treatment are to be 
secured. This is particularly true for those woods which are 
penetrated readily in a radial direction, as the pines. For species 
like the tamarack, spruce, etc., whose radial penetration is small, 
this precaution is not so essential. The author has seen pine pil- 
ing impregnated with 18 pounds of creasote to the cubic foot that 
had absolutely no penetration of the oil under strips of bark less 
than 1/16 inch in thickness. (Sco Plate VI, Fig. A.) The inner bark 
or skin’ ‘ is particularly resistant, and it is believed that its presence 
is at times one cause contributing to the rapid failure of those 
treated piles which are destroyed after a few years’ service. Too 
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often the treating engineer eounts on the bark beeoniing loose 
(luring the treatnunit in th(‘ eylinder, and although this fre(iuently 
occurs, n(‘V('rth(4(\ss it oftcui a.dher('s tirnily to the wood and thus 
H'sults in poor workmanship. 

It sometiin(\s hai)pens that better treatiiKuits can be se(!ured 
by seasoning wood with th(‘ l)ark on, nitluT than witli the 
bark off. This was true in some t(‘sts mad(^ by the (diicago 
and Xorthw(‘stern Railroad on hemlock and tamarack ti('s at 
Escanaba, Alich. It apptaired that the ties p('(‘l(Ml immediately 
after cutting sc-asomnl so rapidly that the out('r Inytu’s of tin* 
wood hardeiK'd and b(‘cam(‘much mor(‘ rc'sistant to th(‘ absorption 
of the pres('rvativc than thos(i in which the l)ark was nunoved 
just l)efoi‘e tlu' ti(‘s wen' run into the treading cylinder. This, 
however, is an (‘xc('ption to geaa'ral practice'. 

(Jenerally, l)a.rk is removed by hand, the' only tools Ix'ing 
a spud, draw knife', or axe', d'here' is a good opportunity for the 
inve'idioii of some machine' that will e'e-eenomic/illy and satisfactor- 
ily re'jnene* bafk and thus dex*re'as(‘ the' labor involve'd in pre'sent 
methods. 

Seasoning Timber. — Wood in all living tree's ce)ntains water, 
'riie amouid of water thus containe'd varie's with the kinel of we)oel, 
the conelitions unde'r which it grenv, anel the' se'ason. It fre;- 
(piently happe'us that in the' sapweeexl, and sometime's in the heaart- 
weeoel, the we-ight eef t he* water is more than the we'ight of the wood 
substance itself. Thus the gums when dried may weigh less 
than half their weight at the time^ of cutting. In ge'neral, 
as soon as tirnbe'r is cut it be'gijjs to lo.se the wate'r it contains. 
Tliis lo.ss of wate'r is calleal “se'asoning.’' In additieen te) the le)ss 
of water, e)th('r e-hanges eee'cur, such as a Iixatie)n or transfe)rmation 
of organic anel inorganic mat(*rials steereul in the woe)el, and an 
ai)i)ai(‘rd, “oxidatiord’ of the wood sul)stance. The ol)jects of 
se'asoning are, in brie'f: 

1. Te) i)re'V(Md, injuiy by insects and decay before the timber is 
placed in service. 

2, To ine:reaise the durability ejf timber in service. 

d. prevemt shrinking and checking of the wood in service. 

4. 4'o increaise the strength of tlie wood. 

5. T 0 decreaise the weight of the wood and lienees reduce shipping 
chargers. 

0. To prepare the wood for its injection with preservatives and 
for other industrial uses. 
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It is well known that if wood can 1)0 kept dry it will not decay. 
House furnitun^, for examph^ und(T ordinary conditions of use 
will, so far as decay is couccu-ikmI, last indefinitely. If is solely 
l)ecause of their prote(dion from moisture that tlu! wooden cofiins 
used l)y the I^l^yptians have heen preserved to us. Water in 
wood is an absolute requiroimuit for decay. Wood which can 
\h) kept dry will nev(u- decay. Just how much water in wood is 
necessary in order to nuHit lh(‘ recpiirements of wood-destroying 
fungi is not known, but from a few te.sts which tlu? author has 
made it api)('ars that it is in general mon^ than 20 percent. 

It has almost unanimously been h(4d that seasoned wood 
placed in conditions of service where it is subject to decay wil- 
last longer than unseasoned wood. Whih^ this is sometimes 
tru(‘, n(‘\aaih(4i‘ss the imj^ortance wliich has Ixani attached 
to air s('asoning as a meatis in its(4f of prolonging the life of wood 
has probably Ixhmi exaggerat(*d. Aiitheutic records on posts, 
f)oles, ties, and mine timbers kept by the JA)r(\st 8(‘i’vic{' indicate 
tliat there is little or no dirier(a)c(‘ i?i th(‘ir dui'ability wladher 
they wei'e i)laced grc'cn or air scasoiuMl. 

If green tind)er is used for constru(*tion pur})oses, it will almost 
inv.‘iTial)ly lose wat(‘r and henc(‘ check, shiink, and wai’p more or 
less sev(‘rely. In ord(‘r to avoid such defe(*ts, it is policy to use 
seasoned wood in place of green in all classes of construction 
where they prove objectionalde. Furthermore, wood which 
has been seasoiUHl prior to injection witli p(‘rs(U‘vative is far less 
liabh^ to check on the surface and thus expose the untnaited 
wood. 

4'he effect of water in wood upon its strengtli is discussed in 
( 'hapter XVIll. The decrease in w(‘ight. due to seasoning is so 
largo as to warrant holding the timber until siaisoned Ixdore ship- 
nK'iit is made. This fact is now so well recognized that it has be- 
come (ajinmon practice, l)ut on account of unfavorable condit ions 
surrounding the seasoning of wood at the place where it is cut, the 
shipment of green inaterial is sometimes imperative. A single 
carload of 30-foot chestnut polos if shipped seasoned rather than 
green would save at least 150 pounds of freight |)('r pole, or, 
counting 50 polos ])er car, a total of 7500 pounds, ddiis saving 
even on short hauls often more than pays for the cost of seasoning 
the poles and holding tluun in storage awaiting shipment. What 
IS true for poles is true even to a greater (extent for smaller 
products because they season more thoroughly. 
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It is in the preparation of wood for iiijecdion with prc'servatives 
that seasoning' plays a very important [)ai t, as it is quite essential 
to removo som(‘ or most of the water from tlu^ wood before tlie 
preservative can be injected. 

Water may be consid(‘r('d as existing- in wood in two forms: (1) 
as ‘‘free water” in the cell cavities and (2) as ” confined water” 
in the cell walls. Wluui wood Ix'fjjins to season it is the fri'C' 
wat(‘r which is first lost. Wood can lose all of this fiee water 
without its strenp;th beiiiji; alfceted. Just as soon, however, as 
water starts to leave the cell walls the streiiji;th of wood beji:ins 
to increase very raiiidl}^ and checkin^^, warpinfi’, and s])littin/j; are 
liabl(‘ to occur. The point where this occurs has been calh'd by 
Tiemanu the fiber-.saturation point.” It varies in the different 
species l)ut in jj;('neral rangi's from 25 to 30 per (*ent moisture. 
When the fr(*e wat(‘r has left the wood, the wood of course con- 
tains a larj^cr air space or volume which can later be occupied by a 
pr(‘servative like creoso((‘. 4408 may be illustrated as follows: 
Assume the oven-dry weijziht of shortleaf pine is 32 pounds per 
cubic foot, that solid wood substance weighs 97 pounds per 
cubic foot, that greim shortleaf pine contains 21 pounds of water 
per cubic foot; then about two-thirds of a culiic foot of gieen 
pin(‘ would be wood sulistaiici; and water, leaving about oiu'- 
tliird of the volume air space. If, now, all the free water W(To 
removed, almost two-thrds of the cul)ic foot of wood would b(‘ 
air sj)ace capable of occupancy by th(‘ pn'st'rvative. 

Aside from the loss of wat(a' whi(4i takes place in seasoning, 
otlu'r changes occur. Th(^ bord(M‘(al pits Ix^conui mort' or l(*ss 
ruptur(‘d, or chang('d in position, so that passage of liquids 
througli them is facilitated or retarded, furthermore, the wood 
cells fr(‘(iuently clieck as W(‘ll as th(‘ surface of the wood. As a. 
result of th(‘.s(‘ chang(‘s which occur in seasoning wood, practically 
all processes now call for some kind of a sc^asoning treatment 
bebnc the pres(;rvativo is injected. 44ie chi(4 exception occurs 
in the Boucherizing proce.ss, which is at present of no com- 
mercial importance in the United States. Five methods of 
seasoning wood are now practised: Open-air s(\'isoning, seasoning 
in hot air, seasoning in saturated and superheated steam, and 
seasoning in oil. 

Open-air Seasoning. — Open-air seasoning, as the term implies, 
consists sinq>ly in piling the tind)er out of doors where it is 
exposed to the atmosphere. When its moisture content reaches 
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an equilibrium with the atmospheric moisture, the wood is said 
to be “air seasoned.” It can thus be seen that the amount of 
wat('r in aiT-seasoned wood varies considerably. Thin pieces of 
wood 2 inches or less in thickness in our northern climates, 
when air seasoiKal, contain about 10 to 15 percent of water. 
Thi(;ker pieces like jn^les, ties, etc., are, under the same 
conditions, “air seasoned” when they contain 25 to 35 per('(‘nt of 
water. Home Douglas fir bridjije striiig(‘rs 8 inches X 16 inches 
in cross se(*tion contained over 25 percent of moisture after bcin*; 
exposed to the atmosphere for 2 years. 

The open-air seasoning of wood is tlu; nudhod most commonly 
practised in the United States to prepare it for injection with 
preservatives. It is cheap, safe to operate, and very ellicient. 
The chief objections to it are the long lengtii of time the wood 
must b(i held l)efore it seasons, thus tying up cai)ital in wood 
and yardage, and dangers from tire, insects, and (h'cay while 
stor(‘d during the seasoning period, fn some parts of our 
country where the climate is warm and damp it is impossible to 
air-season certain woods without having them attacked by 
incipient decay. Other olqections to ai r seasoning are an inability 
to till “rush orders” and injury from checking, although this 
latter objection can be largcdy overcome by pro[)er methods of 
piling. 

To most etliciently s(‘Jison wood in the o])en air, it is necessary 
to subject it to a fr(M^ circulation of air. Stagnant air is very 
prone to foster decay, dlie seasoning yards should, therefore, 
be in situations (‘xposed to the sun and wind. All of the timber 
should be raised off the ground and should be piled as openly as 
possible without producing too rapid drying, which might result 
in serious checking or splitting. Another precaution is to keep 
the yard free from water, vegetation, and decaying wood. 

The rate at which wood seasons depends upon many factors, 
chief of which is the time of the year. Spring and summer arc 
in general the two periods when most rapid seasoning occurs. 
More detailed information for the various forest products is given 
in the following pages under the discussion of these products. 
When wood has once air seasoned, any water which it might ab- 
sorb from rains, for example, is quickly lost. Air-seasoned poles 
tested by the author absorbed 15 pounds of water during a 
thunderstorm i)ut lost all of it within 24 hours after the rain 
stopped. It is by no means necessary to season wood until it 
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has lost all its fr(‘e wator boforo it is in satisfactory condition 
for tr('atni('nt. Lar^o products such as ti(‘s and f)ol(‘s may have, 
wluMi “air-scason(‘d,’' an avcra^'c of .SO penamt of water, but 
the distril)ution of this water may vary from 5 to 10 porc(*nt 
in th(‘ outer layers of wood as a minimum to 40 or 50 penamt in 
the inner layers as a maximum. If a li(‘ or polo is of such a, 
nature (as is customary) that its interior cannot bo troatcal 
ov(‘fi if it is dry, litth‘ or no advanta.ua^ is gained in attomi)tinj»- 
to hold it until this condition of uniform dryness is naichod. 
4’h(‘ ol)j(a't, therefor(‘, in opcai-air seasoniiif^ should bo to cut 
th(‘ p('rlod of drying as short as possibh' without decreasinjj; the 
|)enetration of th(' preservative. No fixed time can bo ^ivon 
for this, as it do))onds on too many vaTial)h‘s whi(*h must l)o 
worked out for lh{‘ (a)nditions at each plant. 

Hot-air Seasoning. By “hot-air seasoning” is meant kiln 
drying tlu' wood, d'his method is now only practised in the 
I’liited Stat(‘s on certain kinds of lumber and small manu- 
factured products. It is rarely if ever used for large products 
such as pih's, pol(‘s, and ties. In iMirope, however, the method 
is sometiiiK's (‘m))loy(‘d, especially as a final drying for timbcM' 
already partly sc^asoned in the opcm air. It is felt that the 
imtliod will not l)ecome common i)racticc in our country l.)e- 
caus(‘ (“(lually as good if not better results can b(^ secured in 
shorten’ time and at less (‘xpense by other means. The method 
employc'd in hot-air or kiln drying consists in })lacing the wood 
in a retort or kiln, where the air is usually heated by means of 
steam coils, (urculation of the^ air is provided for in various 
ways, either by blowers, or by cooling the air on the sides of 
the kiln, or by drawing in air through vents in the; bottom of 
the kiln and |)ermitting the liot air to escape through vents 
in the top. Such tn'atment results in removing the water from 
the wood in much shorten’ tirm^ tfiaii open-air seasoning and in 
addition warms the wood for th(^ entrance of tiie pre.servative. 
Wood so lunited is, liowewen’, liable to check and warp seriously 
or case-harden, tlius ben^orning wenik and brash. For the treat- 
ment of small products of comj)arativety high value, this method 
giv(!s very satisfactory results, but for dimension stock or products 
it has little to cornmenid it. 

Seasoning in Saturated Steam. — N(ixt to open-air seasoning, 
seasoning in .saturated sbnim is in most extensive use in the 
United States as a means of drying wood for the injection of 
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preservatives. When properly done this method gives quick 
and satisfactory results. Its chief advantages are tlie ease, 
(quickness, and comparative cheapness witli vvhicli the water 
can be drawn from the wood, the warming of the wood prior 
to its impregnation, and the sterilizing of the wood. When 
this method is practised a large storage capacity for wood and 
a large stock on hand are not n(‘c(‘ssary. .hurtiiermore, “rush 
orders” can ])e taken can^ of and dangers peculiar to open-air 
seasoning are iivoided. If steamed at too high temperatures 
or for too long a p('riod, considi'rabh* injury may n'sult to th(‘ 
strength of th(i wood. Steaming wood, in itself, does not re- 
move water from the wood. On the other hand, it may add 
wiiter, as shown in Tabh^ 31. In practic(‘, to remove the water 
a vacuum is drawn. This lowers the boiling ])oiut of water 
and materially hastens the rate at which it leav('s tlie wood. 

Structural timbers, when s('ason('d for the injection of pre- 
servative's l\y th(^ use of sat urateul steaim, are loade'd on cylinder 
ears or “l)uggi(‘s” and run into the treating cylinder, Avhich is 
t Ill'll closed and live steam admitti'd. The pressures used are 
about 20 to 40 [lounds fier square inidi. The wood is kejit in 
till' steam liath for various })eriods, depending upon the judg- 
ment of the o|)erator, and the kind and form of timber he is 
heating. It ranges from aliout 2 to 3 hours for ties to 
10 hours or even more for piling. Tests made at the 
U. S. ]<\)rest Products Laboratory indicate that 5 to 8 hours 
are required to heat ties to the center by this method. After 
the St earn bath a vacuum of 21 to 20 inches is drawn in the 
cylinder by means of a pump, and at the end of this period the 
wood is ready for injection with the presi'rvative. The length 
of time the vacuum is hi'ld varies greatly, but is usually from 
1/2 to 2 hours. Nothing is gained by holding it after the 
wood has once reached a temperature below which no further 
heat units leave the wood. 

Seasoning in Superheated Steam, — It will be noted that 
seasoning in saturated steam nece.ssitates a vacuum in order to 
remove the water from the wood. With superheated steam 
this is not necessary, as it is capable of absorbing the water 
vapor driven off from the wood as fast as it is formed. Some 
of the early wood-pre.serving plants were equipped with super- 
heaters, but on account of the unskilled labor generally em- 
ployed, much timber was destroyed by being heated at too high 
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temperatures and moreover upkeep eliarj);es were It was 

largely due to such rep(‘ated losses that the use of superheated 
steam iu timber-treating jdants f(‘ll into disre})ute, until its use; 
has now been praetieally abandoned. 

Seasoning in Oil. — ^As with superheated steam, seasoning in 
oil does not naiuire a vacuum in ordcT to remove the water from 
the wood. Aft(‘rth(‘ woo<l is run into the treating (ylinder and 
the doors closed, creosote oil is admitted until the cylinder is 
almost full and all the wood is submerged. Steam is then 
pass(‘d through coils in the l)ottom of tln^ cylimh'r and the oil 
raised in temperature to about 220"^ ,F. This gradually vaporizes 
the water in th(' wood and the water and certain oil vapors ar(' 
passed through condensers wIkmt the oil can l)e s(‘parated from 
the water by allowing it to s(‘ttle. The l)ath in hot oil is con- 
tinued, until, in the o[)inion of the operator, most of the water 
in the wood has been nunoved. Some operators continue the 
seasoning in oil until tlie amount of water condensed does not 
exc('(‘d o!ie-sixth of a pound p(‘r cubic foot of wood per hour. 
The cylinder is then filled with oil and the pres('rvativc injected 
und('r pressure. At the pre.sent time this method of .seasoning 
is pra(*tically confim'd to c(‘rtain |)lants on tin* Pacific Coast, 
wIktc it is clainK'd to give very good results, especially with 
refractory woods like the Douglas fir. In addition to season- 
ing the timber, this method also warms it for the reception of 
the pn'servative. It app(‘ars that this process may cause the 
wood to check micro.scoi)ically and Inmce reduce its strength. 
This howev(‘r, is discu.s.sed at length in Chapter XVIII. 

Soaking Timber in Water Preparatory to Seasoning It. — If 
freshly cut timlaa- is .soaked in water some of th(‘ soluble con- 
stituents which it contains will be leached from the wood. The 
wood cells will, ther(‘fore, contain a larger percentage of air spac(‘ 
so that r(;sistance to absorption of pre.servative after tlu^ wood has 
b{*en sea.somHi will be decreased. I n order to make this difference 
one of any appreciable amount, it is necessary to soak the timber 
for long periods of time. In addition to rendering the wood more 
permeable to pre.servativ(^s, it also causes the wood to season 
with accelerated rapidity after it is removed from the water. 
Short periods of soaking varying from 2 weeks to 2 months are 
productive of little or no beneficial results. This method has 
been tried on poles and ties, and although they lost weight very 
rapidly when first removed from the water, nevertheless they 
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failed ill the lon^? run to show any appreciable decrease in weijj:ht 
ov(^r similar timber not soakial. Furthermore, the amount of 
preservative which they absorbed in excess of that absorlxal by 
timber unsoaked was so small (about 1/2 of 1 percent) as to be of 
no practical value. Unless a treating’ plant is so situated that 
it can afford to hold tinilaa’ in stora)>;e for lon^- i)eriods prior to its 
impregnation, or unless wat(‘r soaking can lie condinded (as in 
rafting timber) at a very small or no extra, cost, it appi^ars that 
water soaking as a means of [ireparing wood for treatment is not 
justified by the results secured. 



(^IIAPTIIR V 


PROCESSES USED IN PROTECTING WOOD FROM DECAY 

Although a ^reat many procosses have boon and arc practised 
in protoctinp; tiinlxa* from d(x‘!iy, (lioy may i)0 logically divided 
into two rather distinct groups, based upon the character of the 
protection given. Th(‘se may b(‘ termed the superficial and the 
impreguat ion processes. 

Superficial Processes. Ity sup(‘rlieial pro(!ess(*s is meant those 
processes of treatnuMit which aim to protect the wood by simply 
giving it a surfac<‘ protect ion. Since in sound timlier decay can 
occur only from (external attack, it is agreed that if the surface' 
of th(‘ wood is re'ndcM’e'd re'sistant to tlie attack of wood-d(‘slroy- 
ing fungi, thi‘ entire' timlx'r will remain sound. This conte'ution 
is without doul)t correct, and whe'ii the surface of a timbeT is so 
preservc'd and the' surface' prote'ction is com))l(‘tely maintaineul, 
the timber may ix' made' te) last inele'finite^ly. Unfortunately, 
timbers see ti'e'ate'd are^ ve'ry apt te> have the pre)tective ceiating 
liroken, either threeugh abrasieen e)r e'lu'e'king. When this happens 
the untreated inte'rieu* is at e)nce subje'ct to attack, and the 
elTect e)f the pre>te'e't ing she'll may be^ e;e>m])le'te'ly ele\stre)yeel. In 
this conelition, the' timlee'r may be ve'ry elange'rous, as it gives 
the appe'arane'c of Ix'ing se)unel although it may be entire'ly de;- 
e'aye'd in the^ inte'iieer, anel he'uce' e'scajie eled-ectie)n. The write'r 
has se'e'u ruined timlx'is painlexl with a pre^servative that appe'areul 
e)n outwarel inspe*e'tie)n tee Ix' pe'rfe'e'tly sounel, but when beireel 
inte), weae fe)unel to be little? more than hollow columns be?e!ause 
the' we)oel be'ueath the* surfae*e' hael entirely rotteel. Furthermore, 
it is ne)t always pei.ssible* to eletect incipient elccay in wexiel to be* 
treate?el. In fae;t, this is eifte'ii impei.ssible without a microscoiiie* 
e?xamination, which is, of cour.se?, impracticable in practice. If 
sue-h wooel is gi\a?n a superficial treatment, the incipient decay 
in the interior is liable to e!e)ntinue its growth anel thus the* 
soundness ejf the wood will eventually be destroye?el. These 
o])jectie)ns earn be le?vie?el against all superficial proc(?sse?s. 

On the other hand, it is often impossible to treat wooel in any 
60 
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;othor way bocausc of excossive cost. Superficial proc(\sses 
;aro of special usefulness when only a small quantity of wood is to 
'be treated. They arc cheap, easily conducted, and under 
ordinary conditions, eflicient. When the surface of the wood 
is not subject to injury by abrasion or checking they succeed in 
greatly prolonging the life of the wood. 

Charring.- Charring is one of the oldest methods of pro- 
tecting timber from decay that has been |)ractis(ul. dlie wood is 
held over a fire until the outer fibers are charred. This process 
practically surrounds the wood with a layer of charcoal wliicdi is 
i not attacked i)y wood-destroying fungi. The heat, furthermore, 

: destru(;tively distills a portion of the wood and forms products 
which may be toxic, to fungi. The d(q)th to which the wood 
is usually charred va.ri(^s from about 1 /(S to 1 /2 inch. Much more 
('ffective results (!an l)e secun'd l)y charring seasoned wood rather 
than green wood, as the latter will dry out on exposure and de- 
velop surface checks, which will bnaik the continuity of the 
charred surface and thus expose tln^ untreated interior. When 
air-seasoned wood is projnu’ly charred its lib^ is increascal. The 
treatment is v(ay cheap and (\asily aj)i)lied. It has a disadvantage, 
however, in tliat it completely destroys the strength of the 
outer fibers of wood and so weak(ms the wood, l^’urthermore, 
the beneficial effects secured from it are .seldom of much 
conse(iuence. 

Brush Treatments.- Ifrush treatments are more extensively 
practised than any otlier of the superficial i)rocesses. (See Plate 
VI, Pig. B.) As the term implies, they coirsist in painting the 
preservative on the surface of the wood with a brush. A large 
vari(‘ty of preservatives are applied in this manner, such as calci- 
mine, wood preserving oils, paints, etc. Ifcst results are secured 
by treating only air-seasoned wood, thus avoiding danger of 
subsequent checking. Moreover, the preservative will penetrate 
dry wood better than green. With certain preservatives, such 
as creosote, most beneficial results are obtained by heating them 
to 180° or 200° P. before they arepainted onto the wood, as they 
penetrate more deeply when applied hot. The penetration, 
however, seldom exceeds 1/4 inch and is generally much less. 
Brush treatments can be easily applied, are cheap and con- 
venient. In using them care should be taken to coat all checks, 
cracks, and joints thoroughly with the preservative. The pre- 
servative should not be applied when the wood is frozen and 
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wot. Tf an otriciont prosorvativo i.s used and properly applii'd 
and the wood after treatment is protected from abrasion, very 
satisfactory results can be expected. Unless these precaiitioins 
are exercised, the treatment may do no ^ood whatever, but mny 
actually result in harm. Thus, un.seasoned telephone poles hav(‘ 
been examined which were coated witli ordinary paint and 
which had decayed quicker than similar poles s(‘t unpaintr'd. 
In this case the poles checked after they were treated, allow- 
injr fun^i to enter, while the i)aint formed an ahnost imper- 
vious coating which kept the wood moist and hence in a very 
favorable condition for rapid d(‘cay. 

Dipping. — In view of the ditTiculty of working the preservative 
into checks and cracks, dipping gives more etTective results than 
brush treating. To dip wood, how(*ver, it is necessary to have 
some form of tank which will hold the pre.servative and which is 
large enough to allow tlie wood to b(i sul)merged. This nudhod 
of treatment is particularly adapted to small products such as 
shingles and posts. The same pnaaiutions mentioiuHl umh'r 
brush treatments apply with e(iual force to dipj)ing tre^aUnents. 
On account of the greater certainty with which the entire surface 
of the wood can be treated, dipping is .safer to ust^ than brusli 
treating and, in gemu’al, yields better results. 

Impregnation Processes. — All impregnation proces.ses aim not 
only to protect the surface of the wood from attack but also to 
force the pre.servative deeply into tlie wood. Thus, should the 
surface of the wood l)Ccomo bi’oken, the fib(U’s beneath the 
surface containing the preservative will still offer a strong 
n^sistance to decay. For this reason all impregnation processes 
are, as a rule, more efficient than superficial proces.scs. 
The depth to which the preservativo.s will penetrate depends oa 
many factors, chief of which are the kind and condition of the 
wood, the character of the treatment, and the kind of pre- 
servative used. Nonresistant woods like heart Douglas fir or 
white oak may, under .similar conditions, only receive a superficial 
treatment. 

By far the largest (piantity of wood treated in the United 
States is impregnated. Impregnation proces.scs are much more 
expensive than superficial procc.sse.s and reejuire more or less 
elaborate apparatus. In connection with largo operations, 
however, they are unquestionably the better ones to use and tlui 
results secured by them are the best obtainable. For purposes 
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of (lisfussioii, iinprofZiiKiiioii processes may be; divided into two 
classes, (1) nonpressure processes, or those iisin^^ no “artificial” 
lint only atmospheric pnvssure, and (2) jaressure processes, or 
th()S(‘ usinj^ “artificial” or pressures p;reater than atmospheric. 

Nonpressure Processes, -"rhese processes ('it her rely upon 
the absorptive properti(‘s of the wood for the penetration to be 
s('cur(‘d, or upon th(^ pressure of the atmospln're to force the 
pn'S('rvative into tlie wood. Hcaivy apparatus to withstand pres- 
sui'('s is tlu'rc'fore uniH'ce'ssary and this fact enables i)lants 
()p('r;itin^on this basis to Ix' built at lower cost than those operating 
on hi^h j)r(‘ssur(s. This is on(‘ of the chu'f advantages claiiiK'd 
for this iiK'thod of treatment, d'he apparatus may be an open 
v('ss('l such as a l)arr('l or a vat, or a cylindrical retort of metal 
similar in form to those' us(‘d in tlu' pnssuri' proc('ss('s. For the 
tn'atuK'nt of small (juantities of timber, or when salts markedly 
corrosive to iron are usi'd, or wIk'U only a ])ortion of tlu' timber 
is to b(‘ ti('at('d, th(‘ nst bc'inj^ h'ft untr(‘at(‘d, lh('s(‘ proc(‘sst‘s 
^dv(‘ very satisfactory n'sults. As a rul(‘ the jx'iu'trations and 
absorptions obtained with tlu'in are not as diM'p or as unifonn as 
thos(‘ obtained in the pressun' tn'atnn'nts, although, at times, 
('(jually as ^ood n'sults in this rc'spc'ct are secur'd. d1ie tinu' 
of liaaitment is also jiimerally long(M* and tlu' ih'xibility and con- 
trol of the i)laut h'ss than with pressure processes. 

Kyanizing Process. — This proc(‘ss has lua'n in us(' sima' 1832 
when it was patentcal in Kngland by John 11. Kyan. It was 
(‘iiiploycal in tiu' Fnit(‘d States as ('arly as IS It) and is claimed to 
h(' the ohh'st nn'thod of treating timlx'r now i)ractis('d in our 
country. Tln^ pro(‘(‘.ss consists in st(a‘i)ing timlxu' in a solution 
of bic.hloridt^ of nu'rcury at atmos|)heric tempruature and pres- 
suH'. At Portsmouth, N. H., and Lowt'll, Mass., the treating 
ai)paratus consists of solid granitt* tanks laid in Portland cement 
and coated on tlu' insider with tar applied hot. d1ie wood to be 
lix'ated is piled in th(‘ tanks with laths betw('en ('ach layer so as 
lo allow the fr(*e circulation of th(‘ solution, whic'h is afterward 
I>ump(Hl into the tanks. The strength of the solution is usually 
nbout I percent. The timber is kept submerg('d for various 
I'Tigths of time but a rough estimate is to steep it I day plus a 
day for (uich inch in thickne.ss. Thus 2-inch plank is stet'ped 3 
days, 0-inch timlx'r 7 days, (dc, Tlu‘ depth to which tlu^ 
solution penetrates varies largcdy with the kind of wood tnuited 
^>iit ranges from about l/IO to 1/4 incli. The (wtremely poison- 
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ousiiatuiouf iiioivurR* <*hl<)ri(k‘ makes it imp(‘raliv(? to liandk' it 
with caution. Its corrosive action, moreovau’, makes its use 
impracti(*al)Ie in iron or stcrl v(‘ss(‘ls unk'ss specially pix'pared. 
Like all tn'atiiieiits employinj^ a water-solubh' salt, it cannot 1)(‘ 
used to best advanta»!:e if the tindier is to ])e s('t in wet situations, 
because the solution will leach from th(‘ wood. Wlnm th(' 
treated wood is placed in fairly dry situations, very ^ood results 
have been repoi'ted. There is also a liability of tin' salt j^radually 
crystallizing on the surface of th(‘ wood where it may prove 
dangerous to animals sliould tlu\v lick it. Although large (pianti- 
ties of timlxu’ liave l)eeii treatial by this proc(‘ss, its us(‘ in this 
country has never been very extemsive. This is pc'rhaps largely 
due to its extrenu'ly poisonous charactc'r and tin' (‘omparatively 
long time it takes to tn^at th(‘ wood. ( ’as('s are on I’ecord wlnu’e 
it is reported that sj)ruc(‘ posts, Kyanized, hav(' rcunaiiu'd service- 
able for ov(‘r 50 y(‘ars, and luunlock ti(‘s for over 15 years. 

Open-tank Process.- LiKha- this heading we will considcu- 
several processes which an* very similar so far as the principh's 
of treatment aic* concerii<‘d. d’hey an* tin* S(*(*h'v, (Jiussani, 
and nonpn'ssure pn )<•«*.'<. '<es. All of th<*s(* ])rocesses dilTer in prin- 
ci[)h'froni the Kyanizing proc(*ss, in that they aim to employ the* 
pr(‘.ssur(* of the atmos[)hen* in forcifig tin* pn‘S(‘rvativ(‘ into the 
wood. hSee Plate* \'I, l-'ig.( h) ( ir(‘(‘n or air ,s«‘a.son(*d wood may be 
used. It is first [)laced in a bath of hot oil and held for vari- 
ous periods, the obji'ct Ix'ing to drive a part of the* air, sap, ami 
water out of the wood and thus lu-ing tin* wood cells into a rarifi(‘d 
condition. 1 he* heated timbe*!* is tln*n (pjickly submerged in a 
cool prese'ivative, when'Ujeon a rapid contraction of the air and 
wat(‘r vaj)or in tin* wood occurs, thus “drawing in” tin* 
preservative. 

ITofessor Seeh‘y of K('\v York is r(‘port(*d the first to make 
us(! of this principle* on a comnnu'cial scale*, he* having ,see*ureel 
pate'iits e)n it in 1808. Se'ole^y iiseal (•n*e)se)te e)il ami claime‘d to 
t re'at eithe*r greH*n e)r s(*a.soneel woejel. (See ( diapt(?r I fe)r 
furthe*r eliscussion.) 

Aliemt 1898 1 e>mase’o (liu.s.sani inveuiteel a similjir process 
in Italy whie*h In? elaim(*el rnaele* perssiblo the; imprognatie)n of 
tirnbe*!' with eh'ael eeil of tar alone, with salt se)lutions alone, 
or coinbinations e)f the two. ()pe;n tanks are us(‘el ami the process 
is a cejntinuems one;. The timber either gre;e*n or sease)ned is 
carrie;d by a conv(;ye)r to tin* first tank, whie;h contains heavy 
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croosotc oil heated to about 280° F., where it is kept suluriergcd 
until ebullition ceases (a period of from 1 to 4 hours). 
It is then c'onveyed mechanically to another open tank con- 
taining cold cn'osote oil or zinc chloride or any other preserv- 
ing salt until the desir(‘d absorption has been obtaiiK'd (a period 
of from 2 to 8 hours), aft(‘r which the treatment is finished 
and the timlx'r is mechanically removed from tla^ treating vats. 
This process was (hmionst rated at the St. Louis Kxposition in 
UK) 1 wluM’e it was award(Ml a ( Jrand Prize. Two plants ojierating 
on this proc(‘ss are locatial in Itome and Milan, It.aly, l)ul. so far 
as th(‘ author knows, it is not pra(‘tised in the Lnited States. Pv 
this rnetliod of trc'atment d(M'p pimetrations of tin* preservative 
are possible, which, in ea'rtain timbers like loblolly ])in(‘ ties, 
may e^xtend te) the‘ eamteer. In i)lants eeperating e)u this basis tin' 
elilTusion and al)se)rptie)n eef the‘ preseu'vative' e*anne)t be as prae*ti- 
e*ally conlrolh'd as in pressure })lants, but for a low initial cost of 
installatie)!! thew .are‘ edheuemt. 

In IhOl the' r. S, Ibireaiu of Leerestry (imw the Leerest Servie’e) 
conducteal an e‘xte‘nsive‘ series eef tests with what is c.alled the 
‘‘open-tank” j)re)ea'ss at the* St. l.ouis Lx))e)sition.* This metheeel 
e)f tre'atme'iit has sinea* beam e*xte‘nsive‘ly te'sted by the* Forest 
Service with a view to j)erfe‘e‘ting it anel evolving a process which 
ce)uhl be* e'thcie'ntly useal by the small (‘onsumer. It se'eaired its 
name from the character of the apparatus in which the treaitments 
are^ maele*, these* being e)j)(*ji tanks of any e*onvenient size anel shapes 
Later e'xj)eriments lead to the use ejf cheseal tanks eu' cyliuehus for 
eau’tain treatme'iits anel the term ‘‘ non))ressure” was em))le)yed 
to elesignate* the* proe‘e‘ss e*arrie*d on in tln'in. In prine'iple, there*- 
b)io, it eliffe'i’s in neewise from any of the “eepen-tank” preecesses. 
In e)pen-tank t refitments the Fe)n'st Service re'ceemmenels emly the 
use (jf air-se‘ase)ne‘d wooel. This is subje*cteel to a bath in hot 
creeisote, Init temi)erat.ures above 250° F. are met ree'ommeneled 
Jis theiy are liable to injure the wooel. The woeiel is then either 
ulleiweel to remain in the hot oil, whie*h is graelually ceioh'el, e>r 
<‘ls(e changeel to a tank containing cool oil, or ceiol eiil is pum])eel 
into the tank containing the timber after the hot ehl has be^e'ii re- 
moved. The process is adajited to the use of varieius pirserva- 
tiV(*s such as creosote, cruele oil, zinc chhiride, etc. Ve'ry geieiel 
I)en()trations are sccureel, in fact these compare faveirably with 

M irnilar 101, “The Opon-lnnk Tre'jilincnt. of Timber," by Pari (1. 
Crawford, Washington, D. C. 



5(i THE EHESEin-AriOX OF SVItVCTVnM timheu 

th,.so s,ru.ra in pr.-ssur,- pn.n.ss.s. This .rss is .uln.irably 
aclsptod 1.) IIh' of polos and posts wlicro only a portion 

of tho stick is to l)c tmitod. Plants oporatiuK on tins l)asis aro 
coinparat ivi'l V cheap. It is possihh* to contiol taiil\ a((uiat('lj 
the character of the penetration and absorption, espiahally in 
woods which haul themselves nsadily to treatment, like' sap pine. 
For examples if a elea'p pene'tratieen is ele'siivel with a e-omparatively 
small aleseerption eef oil, the timl)e‘rshe)ulei be* le'ft in e*e)e)l e)il fe>re>nly 
a shen't perieul afte'r it is n‘me)ve‘el fre)m the* hot bath. .\ne)ther 
way is te) re'-treat the- we)e)el after it has be'en tre-ate-d in coe)l e)il. 
This te-iids to elrive e)nt a i)art e)f the e)il in the \Vf)e)d pre)vieleel it 
is r(ane)ve'd freem this see*emel he)t bath while- it is still he)t. If 
a he-avy abse>rj)tie)n is ele.-sire-el, the- woexi she)uhl be' hi*atee| 
the)ron.u'hly anel the-n subme-r^e-el in coeel eeii until the- te-mpe-ratnre 
(jf the weeod has I'e-ache-el that eif the- eeil. 

If it is desiri-d te> impre-^nate- the weieeel with a water-soluble 
salt like- zinc e-hleeride*, this tiiay be- deene- by boilin^j; tine weaxl in 
thee solution (which, h(»we'\'er, is ve*ry apt to we-ake-n it) anel tin'll 
allowinjj it to e-ool, e>r by beeilin^ the- weeeeel in eeil feir a short 
time and then suhmer^in^ it in a seeliition eef the' salt. In this 
way a eie-e-j) jx-tie-tratiem e)f the- salt ean, at time's, be^ seeuri'd, 
while' the eeiite-r peerliem eef the- weeeeel will have- an aelele-el [)rot(a:tion 
due to the* small ame)unt of oil which it ce)ntains. 

The; leiicth eef time; re-epiire-el te) treat woe>ei l)y the- ope'ii tank 
inetheeel is very variable-, Imt a beet bath eef 1 to 3 hours 
fe)lle)W(-el by a e‘e)ol bath of the- same- eer a le)n}^e*r pe‘rie)el is usually 
sutlici(-nt. A lunuber e)f ope-u-taiik plants are- ue)W in ope-ration 
in the; Fiiite-d States, ehielly by farme-rs anel mine; anel te-le-phone 
ea)mj)jinie‘S. 

Pressure Processes. All i)re)e-e-ss(*.s so elasse-d n-ly upon the 
use; of pj-essiire-s above; at mosplie-rie; in oreler te) fe)re'(* the pre- 
servative intei the- we)e)d, (Se-e; Plate; VI, Fi^;. D.) In^je-neral, l)est 
r(;sults are; se-e;ure-d by sue*h tn-a.tme*nt, althe)eij^h it is ])y no 
me-aiis pe)ssibl(* to satisfactorily p(;ne;trate all we)oels even with 
the; use of fiijrh })r(-ssur(-s. 

Bdlicll (I'ull-rdl Cnv.snte) /h7)cc.s*.s'. — This pre)C(;ss is named 
after Je)hn H(;t}n-ll who te)ok out pate-iits in lui^jland in 1838. 
It is comme)nly re-ferre-el to in our eourdry as tin; “full-cell 
preicess.” I-athe-r or se-asoin-d timbe-r can be; tn-ated by 

this ])roce‘ss, cr(;os()te oil (eleead oil of e-ojd-tar) being the pre- 
servative us('d. The timb(;r to be treat(;d is loaded upon steel 
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cars or ‘‘ l)iiggi<‘s,” which are run into horizontal steel cylinders 
usually 7 f('(‘t in diameter })y 182 feet lonji^. Their leii^^th, how- 
cv(‘r, vaiies fiom about 50 to bSO and dianiet(‘r from (3 to 9 
fc('t. If th(‘ timl)(‘r is^^reen, it is subject(‘d to a bath of live steam 
foi* s(‘V(‘i'al hours, afttu' whi<*li a vacuum is drawn l>y means of 
I)um|)s, 'riiis also is h(‘ld for one or inor(‘ hours according; to the 
jud^iiKMit of th(‘ o{)(‘rator. If the timlxa* is air seasoiual, the 
sb'ani bath is ^(MKU’ally omitted. ('r(‘()sot(‘ oil is tlnui run or 
puinpial into the' cylimhu* and a prc'ssun* of 100 to ISO pounds 
ap))li('d uiOil th(‘ ^au^(‘s show th(‘ di'sinal amount of oil has laaui 
forced into tlu* wo(m1. Th(‘ (‘xciss oil is tluai drained from the 
tt('atin^^ cylimh'r and the timlxu- is allowc'd to drip for a short 
p<‘riod, after which t lu* proci'ss is emh‘d and the c}iar^;(* is r(Mnov(‘(|. 
.Many trc'atini^ (m^iiuaus draw a vacuum in th(‘ cyliruh'r after 
tlu' (‘X(a'ss oil has drained from it, as this timds tt) hasten the 
drip and dry th(‘ timlxu*. d'h(‘ H(*th(‘ll or full-c(‘ll proc('ss is 
consideifal tli(‘ standard proc(‘ss of tn'atinii timlxu' with creosote, 
and lli(‘ most (‘lT(‘ctive n-sults in prolon^in^ the lif(‘ of wood 
hav(? beam secunal by it. On account of th(‘ j'('lati\(‘ly lar^e 
luuount of oil which the ti(‘s absorb, the process is. howi'ver, 
tin most exp(‘nsiv(‘ ami fm* this reason sevcu’al modifications 
liav(‘ been mad(‘. 

lUjilnig Proc(‘ss.- 'bhis proc(*ss was })atent(Ml in tlu' I'nited 
Stat(‘s by \\ . O, ('urtis and John I). Isaacs and the patent 
nuinlxM' was reissmal Xoviunber 1, 1895, It is us(hI almost 
exclusively on th(‘ Pacific ('oast, lar^(‘lv for the treatment of 
l)ouf»;las fir. luther ^retui or siaisomal wood can be treated, 
:dtliou^h the former is at t)n‘sent in mori' extimded use. 'I'lie 
Wood is ]’un into <*ylimlers as in tlie Hi'tlu'll process and iin- 
ni(‘rsed in cr(‘osot(‘ oil luaited at th(‘ start to al)out 1()0° P. A 
"^pac(* of about 10 inches is hdt clear from tlu‘ toj) of the oil to 
th(‘ top of th(* tnx'itiiifj; cylinder. Tin* oil is heated l)v means or 
'^feam coils in the bottom of the cylinder and tlu* temperature 
Ri'adually raised to about 225° V. The vai)t)rs of oil and wates 
passing over are conden.sed in a surface comhmser. The oil if 
k<‘|)t at a temperatun* of about 225° V. until the rate of evapora- 
bun do(\s not ('xceed about l/() of a pound of water per cubic 
foot of wood in the charjjje per hour; this beiiiR to drive the sap 
■Old water out of the wood. The treating cylinder is then 
Idled with creosote oil at a pix'ssure of 5 pounds per square 
loch, the temperature falling to about 200° F. The pressure 



58 THE PRESERVATION OF STRUCTURAL TIMBER 


pump is thou started and lu'Id at about 150 pounds per square' 
inch until the gauj^es show the desired amount of oil lias been 
foreed into tlie tiinbi'i*. After inj(‘(*tioiq the j)ressur(i is slowly 
released through an overflow |)ipe, tlu' (‘X(*(‘ss oil drawn from the' 
eyliiiders, and the (‘harg(‘ removed. In treating dry sawn 
timl)er, tt'inperatun's above* 211° F. and pressures over 120 
pounds per sepiare inch an* not reeomm(*nd(*d by the* advoeat(‘s 
of this pi'oeess. It ran thus })(* s(‘(*n that tin* boiling process 
resembles the* Hethell proce'ss (‘xc('{)t for tlu* pie'liminarv treat- 
ment which the timbe'r is give'ii. 

The Buchhr yVecc.v.v. -- Walter Huehh*!' se'cunsl two patents 
in the Vnited States on Septe'inlxT 22, lOOS (Xos. 800287 and 
800180) on th(* procc'ss which Ix'ars his naim*. Fatlus* gr(*(‘n 
or seasoiK'd timl)er can be* tre'ateel. the pn'servative Ix'ing 
creosote e)il. Tin* proc(‘ss is neet at pn'seiit in ext(*nd('d use. 
(Irei'ii oi' water-se)ak(*d tind)(*r is Ire'ate'd as folle)Ws, It is run 
into the* treating e*vlind('r as in the* H(*thell ))roi*('ss anel irn- 
m(*rseel in e'n'osote* heated to a tempe'ratun* eef ne)t h‘ss than 
1 1(F F., the* e*ylind(‘r b(*ing coniplete'ly filh'd with oil. 'Fhe* 
t(‘mp(‘ratur(* eef the eeil in the* cyliFnh'r is kej)t gradually rising 
as fast as the* e*e)neiensatie)n will pe'ianit until it r{*ach(*s b('tw(*(*n 
220° and 200° F. It is then he*Id 1e) maintain !i n*gular and 
constant temp(*rature within the cylin<l(*r. During this .se'ason- 
ing p(*riod the* gaug(j een the cylinel(*r sliould show a j)ressur(* of 
neet more than 5 j)ounds. Fhe imiximum t(‘mj)(*rature is 
maintaiiK'd until the comh'nsation in the hot well shows tin* 
interieer oi the* wooel ‘‘tee be sufliei(*ntly <lry,’’ when the st('am 
in the e*e)ils is re'leaseel anel the e'ylinele'r fill(*el with cre‘e)seA(*, the 
te*mj)erature be*iiig low(*red to abe)ut 200° F., whe'ti the* j)re*,ssur(‘ 
purnj) is starte'ei ,*irid the; oil is forc(*e| into the wood until the 
desir(‘e| amount has bee*n absorbe*el. O'he* cvlinde*r is tlien 
diained eef e‘xce‘ss oil anel an air })n*ssur(! of 1.5 to 2.5 [)ouneis j)(*i' 
square incli is appli(*d and helel to p(*n(!trat(* all of tlio wood. 
This completes the* process. 

For air-sea.semed timlx'r, a vacuum of at lea.st 20 inches is 
drawn after tlie wood is place'd in the cylinder, and held for at 
h*ast 20 ndnutes. ( nn.sote is then admitted and pmssuro ap- 
plieal \vith the; force f)urrq) until the; proper amount of oil has 
b(*en inj(‘ctee|, i he exc(*ss oil is theuj drained from the oyIind<‘r 
and an air [unssuro of 15 to 25 pounds is maintained until th<' 
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inaxiniuni pressure renuiins constjint for at least 15 luiiiutes, after 
which the treated timber is remov(‘(l from the cylinder. 

Tests made by the author showed that air pressures applied 
to wood fn'shly impret>;nated with creosote forced much of the 
ereosote out of tlu' wood after thes(‘ pressuix's were released and 
greatly prolout^ed tlie time it took the timl)er to drip. 

77a; A. (' . IT. Process . — In tlw' A. W. proc(‘ss, so called 
aft('r the AuKU'icau (h’eosot(‘ Works in Louisiana in whi(‘h it is 
j)ractis(Ml, aft('r the 1iml)er has been subjecbal to a preliminary 
s('asonin^ of live steam, and aftew a vacuum has Ixuni drawn, air 
is forc(al into the cylinder until a pr(‘ssur(‘ of about 15 pounds is 
obtained. ('r(‘osote is then admitt(‘d, tlu' air ])ressure l)einj< 
still maintained to prevent i‘xc(vssiv(‘ or unequal absorption of 
the oil whihi th(‘ cylind(‘r is Ixantr tilled. 'rh(‘ surplus air is al- 
1oW(m1 to (‘scap(‘ throuKb a pop valv(‘ at tin' toj) of the cylinder. 
When the cyliinh'r is full of oil a pri'ssun' of 100 pounds or more is 
api)lied with a pump until the jiropt'r amount of the creosote has 
i)(‘('u forc('d into tin' timlx'r. d'ln' oil is t In'n run from the tr(*ating 
cyliinh'r ami an air pn'ssun' of 00 to 80 pounds applii'd. This 
is introduc('d to drive' tin' oil into the wood to a y:reater d('j)th 
and to .s('cure ttreate'r uniformity of tn'atnu'nt. 

The proce.ss is not in in'ral u.<(‘ and is jiractically contiru'd to 
tin; ])lant ope'rate'd by tin'. .Vun'rican ('n'osote Works. 

The Lawn/ Process. -'Y\\\s process is covc'red in the L nited 
Stjit('s by Pati'ut No. 881150, issiu'el to (k H. Lowry under date of 
Si'pti'inber 18, 1900. 

Air-s(‘asoned tindx'r is loaded on tnun cars and placeal within 
the treating cylinder. The cyliinh'r is then tilh'il from the 
char^intj: Link with creosote oil at a temperature not to ex- 
c('ed 200° F. The main line is then closed and oil from the 
char^;inj>; tank is forced by pressure pumps into tln^ retort 
until tin* timber ha.s taken oil to the point of ri'fusal, or a 
predetermiiK'd amount. The pressure and temperature within 
the retort are controlled so as to ^ive a maximum penetration 
of tln^ oil. ddn* pre.ssure is then reh'a.sed and the free oil in 
tln^ retort is drained off. A vacuum of suliicii'ut (h'gree and 
duration is then drawn in the retort to recover that portion 
of the free oil in the timber above the specitied amount. The 
recovered oil is then drained olT from the ridort and the chai>z;e 
in withdrawn. The TiOwry process may be termed an ‘‘empty- 
cell” proc(?ss in that it aims to .secure a deep penetration of 
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creosote witliout consumin‘>; as niuch of it as th(‘ or full- 

cell process. At the present time tlu' proc(‘ss is in very (‘.\t(‘n(le(i 
usi'iii the rnit(Ml Stat(‘s. particularly in tn'atin^' cross-ti('s, eleven 
plants now operating!: umha* its })atent. 

Riupiiuj Process, is also teamed an (‘mpty-(‘eir' 

pi'oce'ss in that th(‘ ol)j(M*t sought is a (le(‘p |)('n(‘t rat ion of cre'osote 
with a comparativ(‘ly small consumption of the oil. It was 
pateaited in the' I’niteMl States on Sef)teml)(‘r 2d, n)02, tln‘ issue 
to Mi'ssrs. Ilalsher^ A (’o., M. H. If., of (h‘rmany. d'h(‘ 
timh(‘r to he treaiteal should pndeu'ahly l>i‘ air-s(‘asoned. (JreHm 
or partially seasoneal wood is suhj(‘cte<l to a steaiin and vacuum 
hath similar to that t;iven in the Ih'thell proce'ss hefore tlu‘ treat- 
ment is he, mm. .\ft(‘r th(‘ timlxu’ has Ixam placial in tin' tre'atin^!; 
(‘vlindei’, conipr(‘ss(>d air is admitte'd freepK'Utly from an o\'erhead 
tank and held until tin' wood is filled with compre'ssi'd air, ( 're'o- 
sote is then admit t('d umh'r a sliii:fitly hij^ln'r j)n‘ssur('. tin' air in 
th(‘ c\'lind(‘r ^raeiii.allv esi'apinjj;. W'ln'H tin* cylinder is filh'd 
with creosote.' the pre'ssure on tin* oil is raise'd to about lot) or 
more' |)ouinls and hf'ld until no more' oil can h(' forced into tin; 
wood, 1 Ik' cylinde'r is than draiiu'd of oil and a final vacuum 
drawn to increase t In* e.xpansive' force of tin' air in tin' timh(;r and 
to dry tin; wood as (piickly as possihh*. d’ln' h'Utith of tilin' thi' 
c()mpr('ssed air is In'ld, tin' pre'ssiirc' of tin' compriissi'd air, the 
length and pressure' of the' eeil pe'rienl, anel the lenj<th e>f the' final 
vae'uuni all vary with the' kiinl e)f timhe'r uneh'r tre'atment. 
U he'll thi'V are' preepe'i'ly aeljuste'el, fie'iie'trat ions as eh'i'p as theise 
se'eaire'd in the' He't he'll preie-e'ss are' eihtaine'el, in senne' e'ase's with 
one-half eerh'ss the' e'e)nsumplie)n eif oil. Itue'pintt-I re'ate'el timher 
has a te'inle'in-y to elrip rnue-li lemm'r than timhe-r tre'ati'el without 
the; use' of e'ompre'sse'el air, anel the; rate' eif e'vapeirat iem eif tin; 
cie'ejsejte frenn it is also like'ly tei he* ^;re‘ate‘r. The; pren'e'ss is now 
in e'xtenele'el use' in both the' laiiteel Stateis anel l'h]re)[)e;. 

Purnell Process.-^ William Jiurne;tt patc'iite'e! this method of 
tre'atrne'iit in I'mjtlanel in 18d8 ami it has h('e*n in cemstant use 
.sine'e*. It is e'emimemly re'fe'rrreiel to as the; stanelard jirocess 
usin^r a wate'r-.soluhle; .salt, e-hloriele* of zine*. Tho me;thod of 
treatiiK'/it is e'xactly analomxi.s tm tin; He'tln'll pren'C'ss, the only 
f ssential eliffe'rence* hein^ in the; cliaracte.'r of the pre'se'i’vativc. 
As a t^ean'ral rule*, wate'r .soliitiem.s can he; feirea'ef into weniel el(;eper 
than e,il,s, so that unel(;r any Kive;ri seA of e-onelit iems slij^htly he;tter 
penetrations arc securejel from the use of zine; e;hlorido than from 
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(•ro()S()l(‘. T1 h‘ JluriK'tt tmitirKMit is in (‘xtonsivc^ use in tlie 
l'nit(Ml St.at(‘s mid iMiropi', where it has ^ivi'ii t'xrellent results 
in prolon^in^ tlie life of timber nut s(;t in vmy wet runditions. 
On account of th(‘ solulih^ nature of th(‘ salt, sev(‘ral methods 
liave bemi (‘injiloyiMl to ndard its hvichin^ action, sonu^ of which 
are now (‘xt('nsiv(‘ly prac(is(‘d. 

yO//f/c/-.s Dnxrxs. 'rh(‘ olijections of the coinjiaratively high 
cost of crcosoti^ and th(‘ haichability of zinc chloride an* both 
pai'tially ovcrcom(‘ by th(‘ Itutgiu's proc(‘ss, in\’(‘nt(‘d by Julius 
KutgiM's in ( Icrmany about 1871. HutgiTs handh's the timber to 
be tn'atiMl in mucli the same way as is doin' in tin* Hethell pro- 
c(‘ss, l)ut ('iiiploys a mixtun' of zinc chloride' and crc'osote as his 
pr('scrvativ(‘. 'Hn' zinc chloride' is ge'nerally in a 3 to 5 percent 
solution and e*omprise'S about SO pe're'e'ntof the mixture. To this 
a comparative'ly low-gravity e-re'eiseite' free' from najihthalene is 
aeldc'el by me'ans of a je't eif ste'am or air eir other suitable mixing 
d()vie*e'. d'he' timln'r thus tivated e'emtains lieith e-reoseite anel zinc 
chloride' inje'e'te'd simultan('e)usly. While the' process is not 
practise'd in the Tniteel States, it has fenind extensive use in 
(Icrmany. wln'ie it is re'pe)rte'el to give marke'd satisfaction, 
partie'idarly in the' tre'atme'nt of e'reiss-tie's. 

Oard Dnnrss. The' prine'iph' of injecting timbe'r simultaneously 
with zinc e'lileiride' and e're'oseite' was aelopte'd by J. lb ('arel, to 
whom a pate'iit was grante'el in the' Tnite'e! State's ein March 20, 
100(3. ('ard's preici'ss dilTe'rs e'sse'iitially freim that of Uutge'rs in 
the manne'r e)f ke'e'jiing the* se)lutie)n mixe'el. He' use's aiienit SO pe'r- 
<‘('nt of zinc seilutiem to 20 pe're'ent e»f e're'eisote, the' strength eif 
the' zine^ Ix'ing re'gulate'd se) tiiat appreiximate'ly 1 2 pemnel of the 
dry salt will be* inje'cte'el with e'aedi e-ubic feieit of weieiel tre'ateel. 
This seilutiem is first mixeiei in the' me'asuring tank by feircing air 
through ])e‘rfe)rate'el pijie's plaex'el em the be»tte)m. When tlie 
J^olutiem is run intei tlm tre'ating e'ylineh'r, the' agitatiem is cemtinueel 
hy nu'ans eif a ce'iitrifugal pumj) which elraws it freiin the teip eif the 
I'cteu't anel re'turns it thre)Ugh a pe'rfeirate'el pijie running length- 
wise! in the! beittemi eif the e'yliiuler. 'Idle* ste'ps in the Carel i)re)c- 
ess are analeigenis to theise in the Hethell proe'e'ss. Air-se'asemeel 
liuibe'r is aelve)e*ate'el. Afte'r this is run intei the e'ylineler a vacuum 
of 22 tei 2() ine'lies is elravvn for abeiut 1 heiur. The pre'servative 
oiixture is then admitted at a tem])erature eif abemt 180° F. anel a 
pressuro eif about 125 pounels pen' sejuarei incli applie'el tei it by 
inenins of forex? pumps for 3 to 5 hours, or until the elesired 
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absorptions have been secured. During this period, the centrif- 
ugal pump is kept running in the manner described above, to 
agitate the solution in the cvIindcT. The cylinder is then drained 
of excess preservative and a iinal vacuum drawn to assist in dry- 
ing the timber, after which the charge is removed, DiOiculty 
may be experienced in k(‘(‘ping th(‘ solution uniform during tn^at- 
ment, unless tins propiT conditions ar(‘ maintained, (lood 
penetrations of both crc'osoto and zinc chloride' an' secun'd in this 
process, which is now extensivoly used in the I'nited States, 
particularly for the treatim'iit of cross-ti('s. 

Wdlhomv Procr.'^.^i. Kxpe'rience with the W’ollhouse' or zinc-tan- 
nin proc('ss began about bSSl, wIk'U some' tie's we'ie' tre'ateel in St. 
Louis, Mo. Ill the e'arly SO s ami OO’s this me'thoel eif treatment 
was e'xte'iisively use'ei in the Lnite'd State's but at the pre'se'iit time' 
the amount eif timbc'r tivate'd by it is cemiparative'ly small. The 
e'hief olije'ctions to its use' we're' appar’e'iitly the' many mani[)ula- 
tions ivephiT'd and the' dillie-ulty e)f satisfae-torily eijX'rating t he'in. 

1 ho timbe'r tei be tivate'd is liamlh'd mue'h the' same' as in 
the Ibirnett proe-e'ss e'xe-e'pt tor the' manipulatienis eif feircing the' 
pre'servative inte) the' timbe'r. Afte'r the* timbe'r has be'e'ii place'd 
in the' tre'ating e'ylineler and se'aseme'd, as in Hurne'ttizing, a sei- 
lution eif zinc clilorieie' and glue* in the* preiportions e>f I 12 te) S 
pe'rce'iit of the' feirnie'r to eme'-lialf eif 1 pe're'ont eif the^ latt(*r 
is force'd into the' weaeel by me'ans eif pre'ssure' pumps uiieh'r a 
prc'ssiire of about 120 pounds jie'i* sepiare' inch anel he'hl fe)r d tot) 
hours. The exce'ss pre'se'rval ive* is the-n elraine'el from the* e'ylineh'r 
and a wate'j’ seiliition e)f eino-lmlf of 1 j)(‘re'e'nt tannin is intre)elue'e'el 
and fen'e-('d into the* timbe'j- at 12o pe)unds pre'ssure' for abe)ut 2 
hoiirs, after whie-h the; e'xcess tannin se)lutie)ti is elraine'el freem 
the* e'ylimle'r anel the* e-lneige* re'mejved. Tlie; tannin e-eemliine's with 
the* glue and forms a “ le*athe*ry substarie-e;” wliich te'iiels te) i)lug up 
the* poros (,f the* we)e)el and ivtarel the zinc chleeride; from leaicliing 
out. 1 he; preje-e'ss was late*!’ me)elili(‘el by irije;cting the; glue; se'pa- 
nite'ly, it be'ing fe)unej that it redarele'el the e;ntrane*e; e)f tlio zirie; 
solution, d'he te;mpe*rature; eef the; tre'ating se)lutie)n as we'll as 
the; strength e;f the* zinc chle)riel(; use'ei was also raise;el. 

While* the; mixture of glue anel tannin eioe's tenel to plug the 
Woeeel evils, ne;ve‘rthe*le;ss, tlie (;xtent to whie'h th(;y elee this lias 
a on e.xaggf / ate;d. J he; ziMc-e*hle)riel(; soIutie)n ne)t only re;sists 
t 10 ontrini. o of tho uliio iitiil tiimiiri in .suli.so,|ii,!nt injeotion, lint 
tlie air oonfmod in the wood tends to push tlin plug out of the 
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(•(‘lls duo to its oxpunsivo force. Microscopic examinations of 
\V(*llhouse-treatc(l wood have sliown that the is only a 

surhice coatinj^ and stddom actually extcuids into th(‘ tind)er, 
Whil(‘ very ^ood nsults hav(^ hecui scMUinal from this nu'thod of 
treatment, it is helievial that hettm- results could have Ix'mi olj- 
taiiied if a strong pn^liminary vacuum had l)e(‘n drawn and held 
wliih' the zinc solution was ent<‘rin^ the cylindi'r. ddio Well- 
house process is comparatividy cluvip, costing al)out 18 cents })er 
tie. Mild has suceiaali'd in mon* than doubling th(‘ life of 1i<‘s which 
lik(‘ luaiilock, r(‘d oak, and j^um (h‘cay V(‘ry raiiidly. 

Alhirdycc ICrncr.ss. So calhal after \{. li. Allardyc(\ who suf>:- 
^(\s1(m 1 its use. Th(‘ timlxu- to 1)(‘ t related is handhal much as intlu' 
W ellhouse jiroi'ess exe(‘iit that creosote' instead of ^lueand tannin 
is us(m1. a I p(‘rc(‘nt zincoddoride solution is forciMl into the 
wood at a pri'ssun' of about 130 jiounds peu’ s(juar(‘ inch, after 
which th(‘ cylinder is drained and refilled with cn'osoti.*, this 1)C‘- 
iiij; inj(‘ete(l umh'r a jUM'ssure of about ISO pounds ])(w sejuare' inch 
so as to form a continuous outm* layea* around the zine-treMitenl 
tiiulxM'. As mi^ht b(‘ I'xpe'cte'd. th(‘ pcMietration of the creosote* is 
slight. If. hoW(^V('r, t he* t indier is n'lnoveal from tin* eylind(*r after 
its iiij(H'tion with zinc chloride* and allowe‘d to air se'ason. and then 
r(*-t r(*at(*d with creiosote*. bette*r re'sults .are* eibtaine'el. The* eli*lay 
thus exa-asieumel anel the* ine*re‘ase‘el cei.st e)f hanellin^ th(*n beu’ome* 
seuious eibjee’tions. 3'he Allareiye‘e preicei.ss is not in extensive 
use at this time. 

The autlmr tr(*ate‘el a numbe*r eif re*el eiak aiiel maple ties by 
ren'e'rsinfi; the* Allarelyea* methoel. The*se‘ we*re* first impre'i^nated 
with 2 te) 3 peuinels eif cre‘e>se)te* per e'ubic foeit, after wliich 
the* e*ylinder was elraiiu'ei anel re*filk'el witli a 3 pere*e*nt zine*- 
e'hhiriele seilutieiii feirceel inte) the weieiel until 1 '2 peiunei of the 
dry salt was inje*e*t(‘el. dlie* e*yhnele*r was elraineel anel the 
e'liaifro renioveel. d'he re'sults se'cureal were very similar to those 
obtaine'el in the Carel preie'ess, mue*h of the cre'o.sote be*in^ carried 
further into the wood. By this manipulation, elelay intrc'ating 
anel inere'a.seal cost of handling are avoideel, but unless extreme 
eare; is exerci.s(*el the zine^-chloride .solution will soon become 
<‘<>utaminat(‘el with the creosote, so that the amount of each con- 
sumed will become a matter of speculation. 
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PRESERVATIVES USED IN PROTECTING WOOD FROM 
DECAY 

Properties of Efficient Preservatives. Iliiiulrcils of cluMnicals 
and (■oni{)()un<ls liavo hocii advocated and t(“stnd to pn'snrvc 
wood from d<M*ay, Imt only a f(‘W of tlnnii possess sidlieicMit 
merit to justify their use for this purpose. As was shown in 
('hapt(‘r II. decay in timlx'r is cause<l hy fun^i and hactca-ia. 
To prt'Sf'i’ve wood from decay it is th(‘refon‘ al)solute]y essential 
to prot(‘ct it from the attacks of tlu'se orjzanisms. In l»rief. all 
funjji and l)act(‘ria which d(‘cay wood napiire c(‘rtain jimounts 
of heat, air, moisture, and food iit onha* to live. If on(‘ or mosc 
of these es.';<‘ntials c.an 1»(‘ (‘liminated, these* ory:anisms cannot 
live and la'iice wood will remain souml imh'tinite'ly. 'rh<‘ basic 
[)rohlem, there'fon*, in any <*nici(‘nt preservative j)roc(‘ss is tf) a<-- 
complish this. Obviously a control of he.*it. and air around struc- 
tural timber .'<et subject to decay is (‘\a*(‘<alin^ly ditlicult and 
geiK'rally impracticable*. Hence; a e*ontre)l e)f the* meiisture* in 
the we)e)d anel the* food e)f the* fiinjz:us (which is the* we)e)el sub- 
stancej are* the* twee most prae*tie*al line*s of [)reve*ntiny: attack. 
Wood kept e'onstantly unele*r wa(e‘r is te)e> w(*t te) pe*rmit the* fun^ri 
to grow anel he*nce‘ will re*maiie sourjel ad injlnihiai. (’eenv’e'rse'ly, 
wood kept constantly air ejry or elrie*r contains teeee little moist ui'c 
for fungous gre)wth and will ne*ve‘r el(*e*ay tee wit, the elurabilily 
e)f furniture* in elwe'llings, etc. All suce‘e‘ssful we»oel pre*se*rvative*s, 
therefore*, e*it}ie*r ke*ef) the* we)e)ej comparative*Iy dry e)re*lse peeiseeii 
the* we)e)d .so that the eerganisnes attacking it, fire* kille*d. 

J he* ame)unt of me>isture; in woeul ne'ces.sary feer the* greewth ot 
woe)el-ele*stre)ying fungi is ne)t ele*fini(e*iy known. It is the* authe)r’s 
oi)inion that in general it must be* not le*ss than 20 pe*rcent. 
( crtaifi fungi whie*h leave* the* ability of making eer transporting 
moisture; may lee able to attack woexl contaiiung a smaller 
me>isture content than this. It is we*!! kneewn (hat peests set in 
the greeiinel ele*e*ay in or near the groeinel anel rare*ly in (he; top. 
I e) seeaire* some* elata een tin; elistrilmtieen of moisture in posts, 
the aiithejr placeel several cedar posts in the ground and took 
04 
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moisture horiiiKS 2 inches (l(‘ep 2 feet Ix'low ^rouml level, 
at ground level, ami d ahova* j^rouml level, at various 

periods ext(Midiu^ ov(‘r a y(‘ar. That portion of the posts buried 
in the ground contained in j^cuKU’al about 50 ixu’ccmt moisture, 
that n(‘ar th(‘ j»;round line about ){2 p(‘rcent, and that mair the 
top less than 17 pcu’cmit. If, tlnm, wood can be imprej^nated 
or coat(‘(l with a substjinc(‘ that will ke<‘p it comparatively dry, 
the funji;! and l)act(‘ria will 1)(‘ unabh* to d(‘V(‘lop and the wood 
will remain sound. This is tlu‘ basic princij)le involved in the 
nse of nontoxic oils, like p(*troh‘um. 

In jTem'ral, most eftectivc* results in prolon^in^; tli(‘ lif(‘ of tind)er 
from d(‘cav ar(‘ obtaimxl by usinj^ soim* clnunical which is toxic 
and which thus p(hsons tin* food of th(‘ fun^ais. Toxic pres(‘rva- 
tives ditT(‘r consideral)ly in tlnur (‘fleet iveiiess against fun”:i. 
(N)nsid(‘rabh‘ work has b(M‘n doin' by a numbm* of invi'sti^ators 
to d(‘t('rmin(‘ the smallest amount (d |)reservative necessary to 
inhibit fun^^ous ^rowtli. d'his is eidled th<‘ “tt)xic limit.” One 
of the most satisfactory methods of d()inn this is by means of 
<ailtur(‘s in ^lass dish(‘s by what is known as tin' “p^dri-dish 
nu'thod.” It consists, in brief, in pouring into tin' sti'rili/a'd 
petri-(lish('s a .solution of ajrar-afiar of the followiu}: approximate 
composition: Juice from 1 pound of lu'ef. 25 grains of LtilT- 
lund's malt ('xtract, 20 grains of a^ar-atjar. and lOOO c.(‘. of dis- 
tilh'd water, rjxui this nn'dium is |)lac(‘d .a small mat of funjius 
inyci'lium. 'bln' dish thus inoculati'd is phna'd in a constant 
teinpi'rature oven for about 6 wei'ks. Various amounts of the 
|)re.servativ(' to be t('st(‘d an' wt'i^lu'd on a chemi('al balanci' and 
inix('d into the cultun' nn'dium. 'bin' fungus will ^row readily 
on low concentrations but a concentration is finally ri'acln'd 
abov(* which no f^rowth occurs. J'ln' smalh'st concentration 
which inhibits growth is ealh'd the “toxic limit” or “toxicity” 
of the pre.s{'rvativ(‘. .\ numlx'r of pn'.'^ervativc's havt' bi'en 
tested in this mamn'r by (\ J. Hiimphn'V at the I’. S. Fori'st 
Products Laboratory, the nxsults bein^ jiiven in Table 4 
I he greater the toxicity of a piav'^ervative, the gn'ater is its 
ability to kill fun^i and k<'ep wood .sound. It fnapn'ntly happens, 
h()W(‘ver, that tho.st' prc.s<'rvatives which are most toxic are not the 
ones which j?ive best satisfaction in jirolon^in^: the life of wood, 
b(*(!ause they may hav(^ c(*rtain inlu'ri'nt characteristics which 
vitiate or preiJude their use. (’hief amonj; the.se are their 

permanency, and corrosion of iron. 

6 
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Practically all inorj^anic preservatives are soluble in water, 
iiricl will, if exposed to ordinary atmospheric conditions, leach 
out of wood. If they should do this at a rapid rate, the wood 
will soon be left unprotected so that the fun^^d can attack it. 
In order to be effective, therefore, such preservatives must 
remain in the wood for lon^? periods. 

While organic; j)reservatives an*, as a rule, insoluble in water 
many of them volatilize when exposed to the atmosi)herc, so 



I* 10 . I). ( '()iiip:tr;itiv(* r.'ifo.s mI which fnictioii.s of co.al-t:ir crco.'^oto cvMporafc 

from wood. ((’ir. 18S, U. S. Forest Service.) 


that the amount remaining in the tre.ated timber may eventually 
become so small as to be ineffective in further protecting the 
wood from decay. This is particularly true of the lighter 
fractions of coal-tar creosote, as is shown in Fig. 5, which 
n^pri'sf'nts tlie rate at which various fractions of coal-tar creosote 
and creosote evaporated from .sap loblolly pine sticks 6 inches in 
diameter and 24 inches long impregnated with about 18 pounds 
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oacliof oil and lator exposed to theatmosplu'n'.' in this figure the 
teniiieratun* rej)r(‘S(‘iits the limits between whieh th(‘ distillates 
w(‘r-(' obtaiiK'd from the er(‘osote. The pcamaneney of th(‘ 
higher boilinii; fraetions is well shown. Otlna* t(‘sts“ mad(‘ on 
tirnbfM's subj('ct(‘d to service for 20 or more yt'ars also show that 
the lii^her boilinn; constituents are the most pc'rmanent. 


Tahlk 5. --{ 'oiotosiN k Action of Till; Pkkskuvativk’ 
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0/t Iviuivalenl to 2.1 percent /,inc-cldoride solution. 
ih) lapiivalent to (;.2 p<‘rcent zinc-cldoride .solution. 


.\s :ill W(H.(I prcsiTviiiK pl.'iiils lire hiillt iif steel eyliiiders, 

<tn\ preservative which attacks steid cannot, of course, be used in 
lliem. Tills exeliiiles siieli preservii lives jis inereurie eliliiride. 
'■upper siilpliiite, ele., from stimdard pracliee. A tiiiinlier of 
tests were run at the C. S. Forest Produets F.ahoralory to de- 
tomiiie the corrosive action on steel of various wood preserva- 
tives. A .slri|) of flaime steid of the (luality s|)eeified hy the 


■ eircclio l,S,S, f. s. I.'orest .S.Tvice, l,y V. It. 'r,.c.s(lalc. TlieVoliitili- 
Zii lenef V:,n„„s l■■r.■,cllo„s of ( ■rc(..H.,l,. after Tlicir IiijcMUi,,,, into \V,„„I. 

^ S-c circMlars !IX „„.| l!W, f. S. I■•„rc.st, SiTvire, 

l.v I. '.-"w'" tt'-u-Tcial Value of \Voo,l PreservativcH," 

y II. 1 . WciHH, hl^||t|, liiteriiatiorial (tontfreas of Applieil Clieniistry. 
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American Society for Testing Alat(‘rials, August 16, 1909, was 
submerged in the preservative and lieatcnl to a constant tem- 
perature of about 98° C. The pn‘servuitiv(‘ was changed every 
week for four weeks in the case of oils; with aciueoiis solutions it 
was changed every day for one week. The differiuice in the 
weight of the steel before and aftew subnua-sion was taken to 
indicate! its corrosion. .All depositions on (h(‘ surface of the 
medal were nanoved as nearly as possible' with a rubber “police'- 
man’’ eaiedi time the preservative was changed. .\t the enel of 
th(‘ te'st, whe're edeadredytic eh'position of metal had takeai plae*e, 
the' eh'peesite'd me'tal was re'meeveal by ae'id and its amount 
deteaanineal by an analysis of the aeiel solutieen. The de})osite*d 
medal thus e)btaine*d was aeldeal to the* le^ss eef iron anel this te)(al 
re'pre'senteel the' total e'orre)sie)n. d'he' ea)rrejsive' aedieen of the 
various pre'se'rvative's te'steal is she)wn in Talele o. 

The' e)elor e)f the* pre'servative* se)m('time‘s inllue'nce's its use, 
partieailarly if the weH)el is te) be* placeal in dwe'llings. All ine)rganie 
pre'se'rvative's are prae'tically eeelorh'ss anel he'nea* ned eebje'ctieenable 
m this ae‘ce)unt. Many e)f the eerganic pre'se'rvative's, partie'ularly 
the* “eTe'osote's’’ from vvooel, e'eeal. and pe'lroh'um, have* streeng 
e)ele)rs whiedi are* e[uite* e)ffe*nsive. If alle)weal to air se*:ison thor- 
oughly be'fe)re‘ being plae'eal in positie)n much eef the* odor e-:in be 
reineeveal. 

It fre'Cjuently happe'iis that it is ele'sirable* to j)aint woexl arti- 
licially pre'se'rveal. 'Phis is j)articularlv the* ease with woeal useal 
m elwe'llings, gre'e*nhe)US(*s, etc. ( Teaeseeteal timbe'r emnnot be 
leainteal satisfaede)rily with any eef the lighte'r jiigme'iits, bed 
praedically all e)f thee salts are frea* from this eebjeadieen. Two 
e)ther fae'tors of practiead signilie-anea' in de'te'rmining the 
value of a cheinie’al feer we)oei pre‘se*rving purpeeses are the* e'ffeet 
the* pre'se*rvative has on the stre*ngthof the woeal tre'ateal with it, 
uiiel the' ability eef the pre*servative* te) pe*ne*trate* the* wteeal. If the 
pre'seavative is such as to s(*rie)usly impair the stre'ugth e)f weaal 
tre'ateal witli it, it will neces.sitate the use e)f larger timbers anel 
he'iuM! increase the cost of tlie! strue'ture. Meereaever, if the 
preservative is of sucli a nature tliat it cannot be feerceai into 
we)e)d, its value is conside*ra))ly decre'astal e)n tliis acea)unt , lee'cause 
it will sucea*('d in only protecting the surfaea* e>f the wooel. Any 
injury to the surface will therefore ri'sult in e'xposing the un- 
tre'ateel interior. Tests to secure data on be)th these ])oints were 
conducted at the U. S. Forest Products Laboratory on air- 
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soasonod liomloek. Approximately 8 pounds of (Ik' pr('servativ(‘ 
|)or ruhic foot in the ease of oils and 1/2 j)oiind or more of 
the dry salt in tlie ease of water solutions were foreed into the 
wood l)y the Bothell {)roeess. 'Tlu* wood was tlum p('rmitted 
to air season and tested in Ixaidin^ on a 8(),l)00-l)ound testinj: 
inaehine, the strenj^ith of tlu‘ tre'ateal pit'ce's hein^; eompare'd with 
that of the untreated. In the* p(‘n(‘trane<‘ tests the‘ prese‘rvat ive 
was foreed into a he)le‘ hore'd inte) the‘ woexl iindeu’ a e-eenstant teun- 
peratiire' of ISt^ J^\ anel pressure' eef SO peninels per sejuare* ine*h for 
ilO minutes when euls we're* use'd anel minute's for salt solutions. 
The' sticks were' the'u sawe'd and the* de'pth to whie*h the* pimse'rva- 
tives entere'el was me'asure'd. 'Fhe' results eef heeth tlie'se* tests are 
shown in tai)le 0. 
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'I lie .■fTci't of (ho preservativo in tlio wood iij.oii tlio indarnmn- 
lahty of tho wood is also an iiniiorlant. con.sidoration, particularly 
III riiincs, l.ndircs, and dwcllinn.s. 'I'lii.s cITcct is dcscril.cd at 
icrinlli III f'liaplcr XVI. 

It can he seen from thi.s discus.sion that many factors aside from 
'lost, case of transporting, etc., affcit the practical value of a 
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prcscrvtiiivo, and that no ono preservative* posses, ses all the re- 
(luirenn'nts which will make? its use applieahh* to all conditions. 
A si'lection is therefore iin|)(‘rative. 

TIk* pres('rvatives wlu(‘h have* most conspicuously succea'ded 
ill fulliHinjj; the abovii reaiuinaiu'iits may in* logically grouped into 
three* classes, (I) wa((*r-solul)i<‘ jire'si'rvat ives, (2j crude oils, and 
(H) ereoso((*s. 

Water-soluble Preservatives. While* a lar^^e* numljer of water- 
soluhh* j)r(‘s(‘rvative*s have* l)(‘(‘n te-sled, enily a few have proven 
of any practie'al value*. Meist e»f the*m are* e-itlier not sullicieaitly 
toxic against fuii^i en- form re*ae-tie)ns with the* weiod wliicli tend 
to destroy the! stre'u^th eif (he* woeeel. d'his latte'r is particularly 
the* case* with iron sulphate* and e*he*mie-als stron|j;ly alkaline. Of 
the* many wate*r-se)lul»le' pre*se*rvative*s (e'ste*d, ceipjieT sulphate, 
nu'rcuric e*hloride, senlium llourieh*, ami zinc chloride have* ^iven 
he'st re'sults. 

Copper Sulphate. - d'his salt was first ]nit to exte'usive use* ley 
Miir^ary in lhiti;land about ISd7. It was later use‘d by He)U(*herie 
in Trance, where it is still e*eun!mtidy e*mploye*d in tre';itin<^ timber, 
pnrticularly poh's. It is strongly toxie* against wood-de*st royinti; 
funiii. It is r(*adily soluble* in wa(e*r and e*a'<ily leache's from woeiel 
treiited with it. The* e*hie*f ed)je*e*tie)n to its use* is its action on 
iron, the* e*oppe'r be'inji imme*eliate*ly ele*posite‘d. It canneit, on 
this ae*(*emn(, be* use'el in the* standarei lype* eef t imbe'r-))reservin^ 
l)lant. it is e*e)mparal ive*ly e*ln‘ap, e*ostini: abeeut 5 tei (> cents per 
pound, ami whe*n inje*e*te*el inte) weieiel five's ^ennl re'sults. It is 
alnmst as e*ilie*ie*nt as zim* chherieh*, ))e>le*s treate'el with it in 
Oennany lastiiiji; 1 1.7 ye*ars as e*om|)are*ei with similar t)oli*s treat 
‘‘(I with zim* (*hle)ride* wiue*h laste*el 1 1 .P ye'ars. One* de*sirable 
epiality is the* ease with whie*h the* pre*se*rvative can l)e see*n in the 
weeexl, :is it stains the weieul e*e*lls a elistim*t ^re*en. Tlie use eif thi.s 
salt is mew prae*tically e*e)nfim*el te)|’ram’e*. 'The aimmnt e)f timbe'r 
lre*a((‘(Uvith it in the Unite'ei State*sis insitiiiitii'ant. It is b(*lieved, 
howe-ve'r, to have* elistinct me*rit, particularly few the treatment of 
Ki’e'e*n peists ami j)e)le*s. (Se*e Ilouclu'rie preicess for further 
<lise*ussie)n.) 

Mercuric Chloride.- This is tiu* meisi teixic we>e)el pre^servative 
ui use*. It was first extensively e*mj)!oye'd hy Kyan in Kurland 
abeeut 18;V2. Kxtrem(*ly small epiantite's e)f this salt in wood 
will a!)solut('ly kill all woe>d-ele*stre>ying funj>:i. Its toxic limit is 
a von below that of such toxic salts and acids ;is potassium di- 
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chroniato, silver nitrate, hydrochloric acid, etc. It cannot be 
safely tested with a^ar in pctri dishes since it unites with the pro- 
teid elements of the agar. 

Magninand Sternberg* conducted extensive tests with various 
antiseptics upon the sceptic micrococcus, with the following 


results: 

Corrosivo su))liniato I part in 40,000 prevented development. 

Copper sulphate 1 part in 400 pnwented development. 

Zinc chloride! 1 part in 200 provetited development. 

Carbolio a<*id 1 part in 300 prevented development. 


Mercuric chloride is much less solultlc in water than zinc 
chlorid(! or copper sulphat(‘. It, unfortunately, severely attacks 
iron, hence its us(‘ is debarred in mod(‘rn treating plants. Al- 
though it is expensive, costing about 70 cents a pound, neverthe- 
less the very small (luantity n(‘cessary to keep wood sound does 
not by any means reiuh'r its us(‘ prohibitive. On account of its 
very poisonous nature, solutions of mercuric chloride must be 
handled witli extreme care or mercurial poisoning will result. 
I'his salt is not in (‘xtemded use at the pres(!nt time in this country 
but is employed })v a few Kyanizing works in Nc'w England. In 
India and .Africa it is r(‘porled as giving very good results against 
the attacks of white ants. Poles treated with it in (lermany 
lasted 1.3.7 years as against 1 1.0 years for zinc-treated poles. 

Sodium Fluoride. — ^The comrmu’cial application of sodium 
fluoride to the i)r(‘.servativ(5 treatment of timber is comparatively 
recent. It has been te.sb^d l)y Malenkovic in Austria for the 
[)ast 8 years with apparently (‘xcellent results. It is more 
toxic than zinc chIorid(‘ (sov Table 4) and is not so readily leaehod 
from the wood. Its corrosive action on iron is also slight, being 
less than that for zinc chlorid(‘, so that it can be used in modern 
ti/Jih(‘r-treating plants. Its cost is also comparatively low, being 
about I) to 7 c(!nts p(!r fmimd. No records arc known 
showing the use of .sodium fluoride as a wood preservative in the 
Enited States. Extensive (;xp(‘rirn(Uits, which have thus far 
yielded very satisfactory results, are now under way at the 
b'. S, Forest Products Laboratory and it is ([uito likely that this 
salt may find a large comrriercial application in this country. 

Zinc Chloride.— About 20,000,000 pounds of zinc chloride are 
now u.sed annually in the UnibMi States in tnuiting timber — an 
amount whicli nnikes it by far the most extensively used watcr- 

‘ Boulton-- riie Preservation of Timber, 188.'). 
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soluble salt. It was first employed on an extensive scale by Sir 
William Burnett in England al)Out 1838 and timber is now 
treated with it in all the larger European countries. Zinc cliloride 
is very toxic against wood-destroying fungi, offering about the 
same resistance as coal-tar creosotes Its (ihief fault is its solu- 
bility in water, which propeity renders it inadvisable to use 
zinc-treated timbers in wet localities. In localities which are 
not excCvSsively wet, the zinc chloride will nunaiii in the timber for 
many years. Numerous cases are on record which show zim;- 
treated ties have remained durable for 10 or more years, whil(‘. 
the untreated failed in 4 to 5 years. It appears from various 
analyses which have l)een made that certain amounts of zinc 
chloride injected into wood combine with the wood forming a 
comjiound insolul)le in water. Whether or not this combined 
zinc chloride is toxic has not yet b('en definitely determined. 
If it is not, it probal)ly is of little or no value in preserving the 
wood. 

Zinc chloride will also corrod(^ iron, although the extent to 
which it does this at concentrations us(‘d in treating wood is so 
small as to be of no serious moment. It is customary, however, 
to figure higher depreciation on zinc-chloride plants than on 
creosote plants due to its more corrosive nature. 

The cost of zinc chloride is small, being about 4 or 5 cents a 
pound. Moreover, the quality gemu-ally produced in this 
country is of very high grade, far superior to that commonly ])ro- 
<luccd abroad. Zinc chloride is purchased fused in drums of 500- 
or 1000-pound capacity, or in concentratcal (about 50 penamt) 
•solution. When in high concentration the solution is basic and 
will strongly attack wood, reducing it to a pulp. At dilute con- 
centrations the solution is acid. 

Owing to its importance as a wood pres('rvatlve, the following 
specification for the purchase of zinc chloride is given. It is 
fho one used by the U. S. Eor(‘st Products Laboratory. A 
similar specification is in use by the American Railway Engineer- 
ing Association. 

“The fused zinc chloride must contain at least 94 pc'rccnt of watcr- 
soliible chloride of zinc and it must be slightly basic; that is, contain no 
free acids. It should be practically free from .'Soluble iron and in no case 
will it have more than 0.022 percent of this element. It shall not con- 
bun more than one-half of 1 percent of other inorganic imi)urities in- 
soluble in hydrochloric acid.” 
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Although sovoi'iil methods have been suggested for determining 
tlio amount of zinc chloride injected into wood, the following is 
belitived to be the most accurate and satisfactory.^ 

lualorial to be analyzed is first dried in the form of discs or s('c- 
tions and should be a fair average. The discs are then reduced to saw- 
dust and 5 grams are weiglied into a r)()0 c.c. short-iu'ck, round-l)ottoni 
Jena l)oiling flask: 50 c.c. of a previously prepared saturated solution of 
potassium chlorate in concentrated nitric acid is tluui adiled in the cold 
and mixed into it by a vigorous shake. A violent reaction, accom])ani('d 
by the evolution of considerabh' heat, imnualiately takes place' l)Ut sub- 
sid('s after a few minutes leaving a wine-colored solution in which parti- 
cles of partly digested wood are floating. When cool, 10 c.c. of conci'ii- 
trated sulphuric acid (si), gr. l.(S) are added and tlu' solution again shaken. 
This dissolve’s all the wood sid)stance. The .solution is then l)oiled. 
Mure potassium chherate-nitric acid .solution is added and the solution 
kept boiling until no further charring occurs on evaporation to sulphuric 
acid and tlu' solution remains a pale yellow. When cool, it is diluted 
with 100 c.c. of water; 10 c.c. of dilute nitric, 10 c.c. of 2 percent ferrii! 
chloride' solutie)n, and 1 gram of citric acid are tln'ii added, and the solu- 
tion again allowed to cool. After cooling it is neutralized with ainnio- 
iiia leaving it slightly ammoniacal. Tlie volume is ])rought. up to 200 
c.(*. ;ind the temperatun^ to 80° C. at titration. The standard solut ion of 
potassium ferrocyanide is then run in from the burette until a drop of 
tin; titrat('d solution when placed in tla^ ta'iiter of 1 c.c. of the glycerine 
ac('tic acid indicator leaves a permanent greenish-blue ring. At this 
point th<' titration is complete. Calculations ar('. then made from tlu' 
analytical data. To ciilculate the results in pounds of zinc chloride p('r 
ciihic foot of wood, the specific gravity of the wood must be known to 
within 0.005. Then multiply this specific gravity to 02.5 and this prod- 
uct by th(! jM'rcentage weight of zinc chloride found by analysis to 
obtain the amount of zinc chloride per cubic foot of wood. 

If knowledge of the actual amount of zinc i.s not desired, but 
simply an idea of how deeply it has penetrated, two methods ani 
suggestial. One is to cut a section through the stick to bo ex- 
amined and dry it thoroughly in a drying oven heated to 100° C. 
until all water has beem evaporated. The wood will be turned a 
de('p brown wherever the zinc chloride has penetrated. A 
second method i.s to dip the fresldy cut disc of treated wood for a 
f(nv s(‘(;onds in a 1 percent pota.ssium ferrocyanide solution. 
Remove the excess solution with a blotting paper and redip the 
disc inlo a 1 percent solution of uranium acetate. On drying, 

* M(!lh(»(l (lcv(:lo])C(l by Ikitcman, U. S. Forest Products Laboratory. 



rRESEIiVATIVES USED IN PROTECTING WOOD 


75 


tli(‘ uiitmit(‘{l portion of the wood will have a dark red color while 
tli(‘ tioatod portion will he much li^htcT. 

Crude Oils. — ( 'rmhi oils are not widedy used in tnaitin^’ timber 
in our country, 'riu^y ndy upon their ability to ])reserve wood on 
tlu'ir tendoiicy to ''waterproof’’ it and thus keep it too dry for 
wood-(l('str<)ying fungi. Tln^ oils are all i)ra(‘tically nontoxic 
nltliough soiiKi of tiieni are slightly poisonous to fungi. In order 
to wat(‘rj)roof ” the wood it is n(‘c(‘ssary to force comparatively 
large' quantitit's of the oil into it. ''riiis mnki's crude-oil treated 
tiinlx'i’ (juitei h(‘avy and vory liable to drip oil, t'sjx'citdly if ox- 
pos('d to a liot atinosph(U'(‘. 

Three varieties of “crude oil” are in use, viz., crude oil with a 
paraffin base, crude' oil with an asphaltic base', and re'siduuin, 
whie'li is a i)i’e)elue‘t of p(‘tre)leum elistillation. All tlu'se crude 
oils have a gravity h'ss than wate'r, whe'reas all creosotes are 
h('a,vi('r than water, ('rude' oils with a paraffin base' are found in 
large quantitie's in Ohio, IVnnsylvania, anel eetlu'r staters. They 
are usually lighte'r in color and gravity than the' oils with an as- 
l)haliie' base. Tlu'se lattew oils occur in ('alifornia anel part of 
Te'xas. Ib'sieluum, whie'h is the ht'avy, rathe'r vise-ous oil 
reniaiiiiiig after the^ elistillation of the lighter jeortions of the 
cruele' e)il, varie's in gravity anel vise'osity accoreling to the me'thod 
e)f nianufae'ture'. If te)o vise'ous, it cannot be inaele to peiu'tratc 
woe)el. It is be'st, the're'foreq whefi it contains a fairly large 
pei’e'entage e)f lighte'r ce)nstitu('nts. None of the ciuele oils 
peiu'trate conife're)us wexjels as readily as e'reosote. This may be 
due in a large ine'asure' to their inability to dissolves the resin in the 
weeeeel as is eie)ne by creosote. The prices of cruele oils varies from 
abe)ut 2 to f) eients per gallon. In treating timl)er with crude 
<dl it is customary to force as much oil into the' wood as it is 
I)os,sil)lee to ge't in- an amount which varies of course with the 
dide'rent woe)els. If 12 pounds of oil per cubic foot can be 
I'C'taiiie'el in the wooel, a heavy im])regnation has been secured. 

Creosotes.’ — Owing to their ability in preserving wood, 
♦a’eaesotes will be discussed in detail, as they are the most im- 
portant preservatives now known. 

Much inisundewstanding exists as to the meaning of the term 
arcosote.” It is defined by the Standard Di(‘tionary as “a 
^‘olorloss to yellowish oily licpiid compound consisting of a mixture 

data given oti creosotes is largely taken from Circular 200, U. S 
‘>rest bervico— “Commercial Creosotes” — by Carlilo P. Winslow. 
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of phenols distilled from wood, and having a smoky odor and 
burning taste. It is a powerful antiseptic and is used for the 
preservation of timber, meat, etc.; called also oil of wood-tar and 
oil of smoke.'' Allen, in his Commercial Organic Analysis, 
says: “The name ‘kreosot' was first applied by Reichenbach, 
in 1832, to the characteristic antiseptic principle contained in 
wood-tar. Carbolic acid was discovered soon after by tiunge in 
coal-tar, and was long confused with the wood-tar principle'; 
and the crude carbolic acid from coal-tar is still known as h:oal- 
tar creosote.' Somewhat similar products are now obtained from 
other sources, so that much confusion has arisen. The term 
‘creosote,’ when used without qualification, ought to be under- 
stood as signifying the product from wootl-tar, but it is bettei 
to describe Reichenbach 's body as ‘wood-tar creosote,' and em- 
ploy the unqualified word ‘creosoRd in a generic sense as meaning 
the mixed phenols and phenoloid bodies obtained from wood-tar, 
coal-tar, blast-furnace tar, shale oil, bone oil, or other sources.” 

In its original meaning, therefore, the term “creosote” was 
applied to a product obtained from wood, and the term is still 
used thus in pharmacy, and refers to a refined product derived 
from the destructive distillation of beech or otlu'r hardwood. 
However, with the development of l)oth the wood-pn^serving 
and the coal-tar industries, the toim “creosot(^ oil,” frequently 
abbreviated to “creosote,” gradually cani(‘ to be applied to the 
heavy distillates from coal-tar, and the use of the term has be- 
come more and more c.xtend(Ml until, at the j)resent time, it is 
commonly us(hI in n^R'rring to the distillatt^s heavier than water 
from any tars or tar-like sul)stances, atid is oven erroneously used 
to cover products containing admixtures of undistilled tar or 
pitch. As a result of this lax use of the word it conveys but little 
to those conversant with the subject and is confusing to those 
unfamiliar with commercial practice. More specific terms are 
evidently needed to [)ropcrIy diffenmtiate l)otween the various 
creosotes. Tlie most useful classification from the wood pre- 
server's point of view would be om; based upon the merits of the 
various products but lack of sufficient data renders this impossible 
at this time. The most practical classification at present must 
be based upon the source and method of production. The 
following terms and definitions arc suggested: 

1. Creosote is a distillate heavier than water obtained by the 
distillation of a tar or a tar-like substance. 
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2. Coal-tar creosote is a creosote derived from coal-tar pro- 
duced by the destructive distillation of coal at a temperature high 
enough to produce a tar consisting, for the most part, of 
liydrocar])ons of the aromatic scriesd 

3. Oil-tar creosote’ (water-gas tar creosote) is a creosote 
derived from oil tar. This tar may he obtained from the de- 
struftivc distillation of petroleum in a gas retort, producing 
oil-gas as a main product and oil-gas tar as a by-product, or by 
tlu‘ cracking of gas oil in the carburetor of a water-gas j)lant pro- 
ducing carbureted water-gas as a main product, and carbureted 
water-gas t.‘ir as a by-product. 

4. Wood-tar creosote is a (Teosote derived from a tar produced 
by the dc'structive distillation of wood. 

5. Mixed creosote is a creosotes produced by mixing other 
material with a given creosote, such as another creosote, pitch, 
undistilled tar, or petroleum, or it may be secured by the dis- 
tillation of a mixture of two or more tars on tar-like substances. 
In view of th(‘ similarity between certain mixed creosotes and 
creosotes obtained by the distillation of coal-tar, produced at 
temperatures sulllciently low to permit the production of hydro- 
carbons of the paraflin series, these latter distillates are also 
classed under this heading. 

Source of Tars. — Although there are a variety of tars from 
which creosotes may be produced, the most important commercial 
ones nmy be classified as coal-tars, oil-tars, and wood-tars. The 
sources and general methods of production of these tars are as 
follows: 

Coal-tars. — ^The important coal-tars arc derived chiefly from 
two sources: The destructive distillation of bituminous coal 
at high tem])crabures and the combined distillation and com- 
bustion of bituminous coal at comparatively low temperatures. 
The first, which furnishes by far the greater proportion of 

^ CVoosotc socurod from coal-tar produced at sufficiently low temperature to 
permit the production of hydrocarbons of the paraffine series might also be 
included under the name of coal-tar creosote, but in view of the paraffin 
hydrocarbons it is classed iii this pul)lication as mixed coal-tar creosote. 

^ Inasmiuih as the derivatives of oil-gas tars and water-gas tars contain no 
phcnoloid l>odies, the use of the term “creosote” in this connection might, 
from a purely technical standpoint, be considered erroneous. However, 
hie term is used commercially at the present time in this connection, and a 
eareful consideration of the various definitions used in this publication 
should prevent any misunderstanding. 
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tbo total supply, is produced in the nianufacturo of coke ami 
gas in by-product retorts and gas-house plaids, liituiuinoiis 
coal in dcstriictivcly (listillod at t('inj)cratin'(\s varvin^ij from 
1500° F. to 3000° F., until tlio char^io has Ixumi rodiuaal to 
coke. Diirinjr tho process tlio aiiiinoniacal liquor and tar aiv 
separated from the jjjeiierated ^ases by condensation and wash- 
ing. Tho tars naturally vary in their properties accortliim^ 
to the character of the coal, and of the retorts, and accordiiiti; 
to th(i t(an])eratures used. Th(‘S(‘ factors in turn are largcdy de- 
pendent upon which of the two main products, gas or (*oke, is 
primarily desinnl; tar aiuds, however, are always present in the 
tars ami usually the temperatures are siifhciiaitly higli in l)otli 
cas(‘s to produce tars consisting largely of hydrocarbons of the 
aromatic seri('s. 

Coal-tars {)roduced at nFitively low temp(‘ratur(^s dilTcr from 
tliose [)roduc(‘d at higher t(Mnp(‘ratures in 1 h<‘ character of their 
hydrocarbons. Since th(‘ tianjX'ratures are not high enough to 
transform all of the hydrocarbons to tin* aromatic s(mi(‘s, the 
tars contain, to a gr(‘at(a’ or h'ss (*xt(‘nt, hydnxjarbons of the 
parathn group. Tars s(‘cur(‘d from blast furnaces using 
bituminous coal as fuel and from tlu' Mond produc(‘r])lants, where 
bituminous coal is used in th(‘ manufacture^ of gas for powe'r 
purposes, are r(‘j)res(mtativ(‘ of this grouj). The production of 
such tars, how(‘V(‘r, is not (‘xt<‘nsive in this country. 

t)d-lnrs . — Of th(‘ oil tars, that })roduc(‘d in the manufacture; 
of wat(;r gas is by far the most, important in its relation to the 
manufaedure of cr(‘osot(‘. d’lu; imdhod of produedion is, in 
geuieral, as follows; The ‘‘geuKU'ator ” is ediarged with coke or 
anthracite; coal, wliiedi is burne'd by the: aid of an air blast to 
a chea-ry real. The* hot gases se) feirmeal are })assed through t h(‘ 
“carbur{;te;r” anel “su|)crhe>at(‘r,” whiedi consists of veadical 
cylindrical chambems tilleel with a, edieM‘ke‘rwe)rk ejf tire brick. 
After the;s(; bricks are heate'd to the* pi'e)|)e‘r te‘mpe;rature tlic 
air blast is discontiniie;el and ste;am is ble)wn inte) the gene*rator. 

1 he; gase;s forme'el by the e*e)ntae*t e)f the; steam with the he)t ce)ke‘ 
e)r coal pass into the carbei renter, inte) whiedi jie'treileum ‘‘gas eiil’’ 
is sprayeel at the same time, ddiis eril is [)a.rtially crackeel by the 
high te'rnperatnre e>f the fire brick ami e*e)nibine‘s with the gase's 
freim the ge;nerate)r tej ine;re;ase the;ir illuminating power; the 
process of e;racking continue;s through the sup(;rhoatcrs. 3die ga."i 
IS then passed to the condensers and washers, where tar is con- 
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dcnsoci mid collected. This tar differs in its const itnonts from 
coal-tar produced in the by-product coke ovens and gas retorts 
})oth jii tiic absence of tar acids and in the presence of hydrocar- 
bons of the paraffin series; usually, however, the quantity of 
paraffin hydrocarbons present is comparatively sniaJl. 

Some oil-tar also is produced l)y the destructive' distillation 
of crude pctroleiiin in the manufacture of oil fi;as. In tars from 
this source the quantity of paraffin hydrocarl)ons present is 
generally much greater than in that produced in the niauufactun' 
of carbureted water gas. 

Wood-tars. — Wood-tar is produced in a manner somewhat 
similar to that in which by-product coal-tar is formed. Wood is 
destructively dist ilh'd in retorts, and charcoal is produced, together 
with gas Jind a licpiid distillate which consists largely of pyro- 
ligneous acid and a product called crude tar. The tar and acid 
are sei)arated by settling and by distillation. Wood-tars arecpiite 
different from coal-tars and contain, in |)arlicular, less of the 
aromatic hydrocail)ons. 

Distillation of Creosote from Tars. — I’rom any or all of the 
foregoing tars, either alone or in mi.xture, creosote' may be pro- 
(huM'd. Tin; general proce.ss of manufaeffun^ is similar in all 
cases, ddie tar is distilled in a metal retort or still and t he vapors 
arc condensed and collected. Those distillates which are heavier 
than wat(*r form the true creo.sotc^s u.sed in wood preservation. 
The temperatures at, which the creosotes are obtained vary great ly, 
but generally lie between about 200° and 360° (\ The actual 
temperatures in each case d(q)end largely upon tin' charactor 
of the residue desired. In the United States the manufacture 
of creosote from coal-tar is generally secondary to the manu- 
facture of soft pitch; and in such cases the maximum tempera- 
ture during the di.stillation is comparatively low. In Uurope, 
oil the other hand, coal-tar is distilled largely for the pi'oduction 
of the coal-tar dyes, and the distillation is carried to higher tem- 
peratures. The creosote, therefore, contains a relatively greater 
amount of the higher boiling constituents than the American 
product. 

As already stated, pitch, undistillod tar, or other similar mate- 
rials are frequently mixed with a creosote, and while such mixtures 
are sometiim;s sold as creosotes, the term is im{)ro])erly applied 
<'X(*ept as it relates to the distilled product. 

The complexity of the many hydrocarbons and their do- 
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rivatives wliich may be produced in the destructive distillation 
of coal, oil, and wood makes it impossible to state precisely the 
nature of the various constituents of all creosotes. However, 
tlu^y may bo broadly divided into two classes, compounds of the 
aromatic series and compounds of the paraffin series. The 
characteristic difference between the two lies in the greater chemi- 
cal activity of the former. Coal-tar creosote consists almost 
wholly of aromatic compounds, and the long period of successful 
use of such creosote has led to the general feeling that these con- 
stituents arc the more desirable. 

The compounds of the aromatic series may be divided into 
throe groups, as follows: (1) ‘‘Light oils,’’ which distill below 
205° C. and consist largely of phenols and crcsols, or tar acids; 
(2) nai)htlialcnes, which distill between appro.ximately 205° 
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Fie, 6. — I)criv.Tti()n of coal-tar creo.sote. 


and 255° C.; and (.3) constituents of an anthracene nature di.s- 
tilling above 255° V., which will be referred to collectively 
as “anthracenes,” Some or all of these are found in most 
creosotes. 

Of these constituents the tar acids possc.ss the highest anti- 
septic properties; they are, however, .soluble in water and are 
mor(^ volatile than the other constituents. The naphthalenes and 
anthracenes are neither .so antiseptic nor .so volatile as the tar 
acids and are practically insoluble in water. There is much 
discussion as to the relative value of these different constituents, 
but, largely as a result of experience, the presence of tar acids is 
believed by many to be es.sential. While a large proportion of 
naphthaleiK' is sometimes advocated, particularly for the pres- 
ervation of piling, a reduction in the quantity of this constituent, 
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with a corresponding increase in the amount of anthracenes, is 
believed to increase the value of a creosote for general purposes. 

Coal-tar Creosote. — Fig. 6^ shows graphically the derivation 
and general composition of coal-tar creosote. The relative 
quantity of tar acids, naphthalenes, and anthracenes will of 
course vary according to the character of the tar and the tem- 
peratures used during its distillation, but generally the tar acids 
present will not exceed 5 percent, the naphthalenes will comprise 
from 15 to 50 p(;rcent, and the anthracenes will comprise the 
remainder. As previously defined, it contains practically no 
paraffin hydrocarbons. The creosote as a whole is antiseptic, 
insoluble in water, and somewhat volatile; it is sufficiently free 
from “free carbon,” and fluid enough at temperatures used in com- 
mercial treating plants, to offer no great resistance tO entrance 
into the wood. 

Tests made at the U. S. Forest Products Laboratory show the 
toxic limit of coal-tar creosote to be between 0.2 and 0.4 per 
cent. Very small amounts of it will therefore protect wood from 
decay. In general, the lighter fractions are more toxic than the 
heavier fractions. They are also far more volatile and when 
inject(Hl into wood by themselvt>s evaporate at a rapid rate (Fig. 
30). The heavier constituents of coal-tar creosote are there- 
fore, in addition to being slightly toxic, of direct value in helping 
to retain in the wood these lighter oils, d'he permanency of 
the heavier oils is well illustrated by an analysis made of a pile^ 
in actual service in the Gulf of Mexico for 30 years. This pile 
was cut into three sections, samples from which wore then ex- 
tracted for creosote, with the results shown in Fig. 7 . 

Numerous similar examples could be cited, all of which show 
that the lighter fractious of coal-tar creosote are not permanent. 
While considerable heated discussion has occurred as to their 
value, ^ it is the author’s opinion that these lighter oils have 
distinct merit in prolonging the life of timl)er, and if they had 
been absent entirely from the creosote, it is doubtful if such long 
periods of service could have been secured. 

* In Figs. 6 and 8 the term “solid at room temperature" (20° C.) is 
used in describing tlio condition of certain of the fractions distilled from 
creosote, when, at the ordinary temperature of a room, they retained their 
position in the receiving flask when vigorously shaken. 

* U. S. Forest Service Circular 199, “Quantity and Quality of Creosote 
Found in Two Treated Piles after Ijong Service," by E. Bateman. 

* “The Preservation of Timber," by S. B. Boulton, 1885. 

6 
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Coal-tar ^eosoto doos not corrode iron to any apprccialilc 
degree (see T;d)lc 5) and for this reason is admirahly ailapt('d 
for use in the steel cylinders of modern timber treating plants. 

Vhen heated, the vapors arising from the oil may attaidv the 
■skin and cause a very irritating swelling and burning. This 
e ect IS not produced on most people, but complaints have been 
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m. de by workers who come in contact with creo.soted timber, 
pai ticularly trackmen, and .several law suits have resulted. Even 
the cold 0,1 may produce such an injury. It is not, however 
serious and, with caution in handling the treated timber, even a 
sens tive person can become immune to any discomfort. 

Ihe price of coal-tar creo.sote varie.s considerably and for the 
past few years has been steadily rising. In large quantities the 
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.‘ivora^e pricn in eastern United States is now al)out 0 to 9 cents 
per gallon. In the W(^st, tlie price is from two to three times 
this amount, and, in small orders, even more. The sharp 
(h'lnand for the oil, and its present limited production give little 
hope that the price will lower materially in the imm(‘diate future. 

Much discussion has occurred concca-ning the (piality of 
(!r(a)sote best suited to the treatment of timber. Until l ecently 
discussion has resulted in little practical value because the 
demand for the oil was so great the consumer was glad to receive 
most any kind he could get. Now, however, several grades of 
coal-tar creosote can l)e obtained, but no uniformity exists as 
y(‘t as to the quality best suited to preserve wood. Most authori- 
ties agree that a comparatively heavy grade is better than a light 
grade. The specifications which are perhaps in most extended 
us(^ at present in the United States are the ones adopted by the 
Ameri(!an Railway Engineering .Vssociation. They allow three 
grades of oil, the specifications reading as follows: 

“Griidc 1 Oil.— Pho oil used shall be the best ol)tainablo grade of coal- 
tar creosote; tlait is, it shall bo a pure jaoduct obtained from coal gas 
tar or coke oven tar and shall be free from any tar, oil or residue ob- 
taiiK'd from i)etroleum or any other source, including coal gas tar or 
coke oven tar; it shall l)e completely licpiid at 38° C. and sliall be 
free from suspended matter; the s])ecific gravity of the oil at 38° C. 
shall be at least 1 .03 when distilled by the common method — that is, 
using an 8 ounce retort, asbestos covered, with standard tlun’inomcter, 
bulb 1 /2 inch above tlie surface of the oil — the creosote, calculated on the 
basis of the dry oil, shall give no distillate below 200° C., not more than 
5 percent below 210° C., not more than 25 percent below 235° C. and the 
residue above 355° C. if it exceeds 5 percent in (piantity, shall be soft. 
The oil shall not contain more than 3 i}crccnt water.” 

(irade 2 oil, which is considered “next best,’’ is similar to the 
“standard” just quoted except for the amount of fractions dis- 
tilled at varying temperatures, these being “ not more than 8 per- 
cent below 210° C, and not more than 35 percent below 235° C.” 

(Irade 3, which is poorer than Grade 2, differs from it only 
in specific gravity and the amount of distillates at various tem- 
peratures, these differences being “the specific gravity at 38° C. 
shall be at least 1.025. Not more than 10 percent of the 
oil shall distill below 210° C.; not more than 40 percent below 
235° C.” 

The specification in use by the U. S. Forest Service is slightly 
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more rigi(i tlian the above, particularly as regards the method 
of analyzing the oil (see appendix). Most of the confusion which 
has occurred concerning the proper kind of creosote to use has 
come through lack of definite data. Commercial motives and 
an attempt on the part of certain ‘‘experts'’ to mystify the trade 
have also added to the complexity of the situation. In all 
prol)ability, as experience grows the situation will clear and 
specifications for coal-tar creosote will be drawn depending on the 
use to which the oil is to be put. Until such data is available 
the safest course to pursue is to demand a comparatively heavy 
oil of known purity. 

In treating paving blocks a heavy oil is generally used, the 
idea being that it will stay in the wood and will have a marked 
waterproofing effect. Thus the “Association for Standardizing 
Paving Specifications" adopted in 1911 the following grade of oil: 
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Fio. 8,— Derivation of watcr-gas-tar creosote. 

“The preservative to be used shall be a coal-tar product, freefrom 
adulteration of any kind whatever, and shall comply with the 
following requiremonts. ( 1) The specific gravity shall be not less 
that 1.10 or more than 1.14, at a temperatute of 38° C. (2) Not 
more than 3^ percent of the oil shall be insoluble by hot continu- 
ous extraction with benzol and chloroform. (3) On distillation,, 
which shall be made exactly as described in Bulletin 95 of the 
American Railway Engineering and Maintenance of Way Associa- 
tion, the distillate shall not exceed 2 percent up to 150° C. and 
shall be not less than 30 or more than 40 percent up to 315° C." 

It is thus apparent that the oil need not be a coal-tar “creosote" 
and must contain a considerable amount of the heavier con- 
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stituciits in coal-tar in order to have the gravity required. This 
matter is also discussed in Chapter XIIL 
Water-gas-tar Creosote . — Of the oil-tar creosotes, that from 
water-gas tar is practically the only one used for wood preserva- 
tion. Fig. 8 illustrates its derivation and general composition. 
This creosote is not more volatile nor solul)le in water than coal- 
tar creosote, contains !io “free carbon,’’ and offers no marked re- 
sistance to entrance into the wood. In fact, water-gas-tar 
creosote may be produced which on fractional distillation will 
display a great similarity to coal-tar cn^osote. There is a dif- 
ference, however, in the constituents of the two creosotes, as 
shown by the difference in certain ])hysical prop(‘rties of fractions 
distilled from them at equal t(‘mi)eratures. Furthermor(‘, water- 
gas-tar creosote is distinctive in tlie absence of plienols and cre- 
sols, and usually in the presences of hydrocarbons of the paraffin 
group; it is not so antiseptic as coal-tar creosote. Ihffortunately, 
quantities of this oil are mixed with coal-tar creosote', so that it is 
often impossildc in practice to detect its presence. While this 
oil undoubtedly has considerable merit as a prcseu’vativeof tiinl)er, 
tln^re is not sufficient precise data available to warrant giving it the 
confidence which the coal-tar product now enjoys. Careful tests 
show its toxicity to be about 3 to 4 percent as compared with coal- 
tar creosote, which has a toxic limit of from 0.2 to 0.4 percent. 
The most reliable tests known to the author were made by the 
F. S. Fore.st Service in treating mine timbers (see Chapter XII) 
which failed to last as long as similar timbers treated with the 
coal-tar creosote. 

Although it is slightly more corrosive of iron than creosote from 
(;oaI-tar, its action is so slight that its use in steel cylinders can- 
not be considered objectionable on this account. 

The price of water-ga.s-tar creosote is seldom quoted but it is 
generally a cent or two a gallon less than the coal-tar product. 
There is no doubt but that much of this oil is sold as a coal-tar 
creosote either alone or in combination and as such commands 
the same price. 

The National Electric Light Association is the only association 
known to the author which has framed a specification for water- 
gas-tar creosote to be used in preserving wood. This specifica- 
tion reads as follows: 

“It shall have a specific gravity of at least 1.03 and not nioretlianl .08 
at SS'’ C. There shall be not over 1 percent of residue insoluble in hot 
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benzol. The oil shall contain not over 2 percent of water. Tlic residue 
remaining upon sulphonating a ixudion of the total distillate shall not 
exceed 5 percent. When 200 grams of the oil arc distillctl in accordance 
with the requirements of the specifications for the analysis of w’ater gas 
tar, dead oil or water-gas-tar creosote and the results calculated to water 
free oil {a) not more than 2 percent of oil shall distill off up to 205° C., 
{h) not more than 10 jicreent shall distill off up to 2d5° C., (c) not more 
than 00 percent shall distill off up to 315° C., (d) the coke residue shall not 
exceed 2 percent.” 

The method of analysis referred to calls for a 300 c.c. side-neck 
Lunge distilling thi-sk provided with a trap.‘ 

Wood-tar Creomte . — Of the wood-tar creosotes, that most used 
in the past has been secured from resinous woods. The derivation 
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Fig. 9.— Derivation of wood-tar creosote. 


of such creosotes is illustrated in Fig. 9. Lack of authentic data 
prevents even a general statement as to its constituents, but the 
proportion of tar acids and volatile constituents is generally great- 
er, and of naphthahuie and anthracene much lo.ss, than in the coal- 
tar creosotes. Wood-tar creo.sot(*s have been used to some extent 
as wood preservatives for many y(*ars. They an^, as a rule, not as 
toxic as coal-tar creosote, their resistance being from about 10 to 
50 less than the coal-tar product. 

On account of the comparatively largo amount of acids which 
they contain, they corrode iron to a much greater extent than the 
coal-tar oil and their use in this connection may be considered 
ol)jectionable. It is but fair to state, however, that this property 
could be largely ovenaune if tin? acids were removed from the 
oil. Their supply has luum so limited and cost so comparatively 

^ Rf'port of C/oininitt,<;o on ProfM^rvative Treatment of Poles and Cross- 
Arms,” National Electric Light A,ssociation, June, 1911. 
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liigh tliat little serious attention has been paid to them except 
in the manufacture of certain patented products and “stains.” 
The rapid rise in the price of coal-tar creosote and its limited 
supply have of late attracted considerable attention to the 
creosotes from wood, hence it is likely their use in preserving 
wood may become more general in the future. 

At present these oils are rarely (pioted below 12 cents per 
gallon even in large quantities, so that the coal-tar product must 
rise appreciably or the price of the wood-tar oils must fall 
appreciably before their extensive use will occur. In addi- 
tion to the tars from resinous woods, there is no good reason 
why the tars from hard woods cannot bo used in manufacturing 
creosotes. If this is done a larger output will be possible. Just 
now, no stability in composition is recognized in wood creosotes 
for preserving timl)erand hence no general specification for them 
exists. 

Mixed Conl-iar Creosotes — A large part of the creosote pro- 
duced in this country falls into the class of mixed coal-tar 
creosote. Some is made by the mixture of undistilled coal-tar, 
or oil-tar, or pitch, with coal-tar creosote ; some is produced by 
the partial distillation and combustion of bituminous coal at 
comparatively low temperatures; and some is securiul through 
the manufacture of soft pitch when coal-tar and water-gas tar 
arc distilhnl in admixture. The nature of all mixed coal-tar 
creosotes cannot be described, because their constituents and 
relative merits as wood preservatives vary in each case accord- 
ing to the materials used in their production and preparation. 
Admixtures of undistillcd tar or pitch containing free carbon 
will, however, tend to decrease the penetrance of the creosote, 
while the admixture of products which contain apiu’cciablo 
amounts of constituents of the paraffin series will doubtless 
alTect in some measure the antiseptic properties of the creosote. 

Paints and Stains.—Wood which has been painted with 
ordinary paint (usually a mixture of linseed oil, turpentine, and 
an inorganic pigment) such as is used in decorating buihlings is 
partially protected from decay because it is rendered partially 
wateri)roof. The spores of wood-destroying fungi will not 
develop readily on the surface of painted wood. To secure best 
results only air-seasoned wood should be painted, as green wood 
will be very liable to surface check and expose the untreated 
interior. Furthermore paint will not adhere as well to green 
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timber. The layer of paint usually adheres to the surface of 
the wood and has little or no penetrating i)ower. Moreover, 
it is generally porous so that certain amounts of water can pass 
through it. Judged as a preservative of timber, ordinary 
paint must be considered in(dh(;ient and under certain conditions 
may even do the timber more harm than good, as it tends to 
eipialize moisture in the wood aiul thus render the interior more 
favorable to decay. 

Stains, on the other hand, penetrate the wood, although as a 
rule only a slight distance from the surface. In addition, they 
are generally toxic, so that fungi coming in contact with them 
will i)e killed. The composition of stains varies greatly but they 
commonly have a base of creosote eitln'r from coal-, oil-, or wood- 
tars, to whicli is added a vegetable or mineral oil to act as a 
body for the pigment tliey carry. Jlest ri'sults with stains are 
s('cure(l })y applying tluaii only to thoroughly air-dry wood, and 
whenever possible h(‘ating them slightly so that gr(‘ater pene- 
trating power is obtained. As a rule, stains are betb'r pr(‘- 
servatives of wood than paints, and their use, particularly 
for dwellings, has become very poi)ular of late. 



CHAPTER VII 


THE CONSTRUCTION AND OPERATION OF WOOD 
PRESERVING PLANTS 

In Chapter V we described the relative m(‘rits of the open- 
tank and pressure jilants and the j^eneral features of their opera- 
tion dependent upon the particular i)r()cess selected. In this 
chapter we will describe the construction of the plants, the 
ctTect of the various mechanical manipulations used in them, 
such as pressure, vacaium, etc., and tin* cost of building the 
plants. 

Open-tank Plants. — Several types of open-tank plants have 
h('en constructed. Perhaps the simjilest consists in fitting an 
iron pipe 3 or 4 inches in diameter, blind at oin^ end, into a 
wooden or iron l)arrel. A fire is then built around the pipe, 
whi(!h thus heats the oil in the barrel. With wooden barrels 
trouble is likely to be experienced in maintaining tight joints. 
If desired 2 barrels can be joined together with one piece 
of pipe about 8 feet long, and the capacity of the plant thus 
doubled. Plants of this kind cost less than S'5 each. (See Plate 

VII, Fig. A.) 

Another simple method consists in building a fire directly 
under an iron barrel or tank which is mounted upon stones to 
form a proper foundation and fire box. More effective results 
are secured by walling the vessel with brick or stone, thus 
allowing the heat to pass around the sides as well as the bottom. 
The draft can also b(^ controlled through a small pipe. (See Plate 
VII, Fig. B.) Plants of this type cost from $10 to $25 each. 

In the types just described, it is difficult to control the in- 
tensity of the heat. Better results can be secured if steam is 
employed, this being passed through coils in the bottom of the 
tank. Plato VII, Fig. C, shows such an apparatus in which the 
steam is supplied by a traction engine. In order to cheapen 
the cost of the tank, sheet or galvanized iron reinforced in a 
wooden frame may be used in place of heavier metal. If (h'sired 
a second tank capable of submerging the entire timber in cool 
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preservative can be used and the capacity of the plant thereby 
increased. Such a plant including piping costs about $50. 

A still more elaborate type consists in building a large rec- 
tangular or cylindrical open tank of 1/4-inch or 5/16-inch iron 
of various dimensions depending upon the size of the material to 
be treated, and pumping the preservative into it after the wood has 
been placed in position. This necessitates, in addition to the 
treating tank, a good force pump, boiler, and auxiliary tanks to 
hold the preservative. Plants of this kind are well adapted for 
treating larger quantities of timber than would ordinarily be the 
case in the plants described above, or heavier timbers such as 
poles. Their cost varies, of course, with their size, but will range 
from about $2000 to $6000. One similar to that shown in Plate 
VI, Fig. C, cost $2500 complete. 

All the plants above described are aimed to heat only a portion 
of the timber, although the entire stock can in some cases be 
submerged in the preservative should this be considered neces- 
sary. Another type of plant for treating comparatively large 
quantities of small timber such as ties and poles consists in 
passing them through the hot preservative by means of an 
endless chain, the length of time they are in the preservative being 
controlled by the speed of the chain. Such a plant is shown in 
Plate VII, Fig. D, and has been used with satisfactory results by 
a traction company in New Jersey. It cost about $1600 and 
has a capacity of about 1200 ties per 10-hour day. Because 
of the large surface exposed, only those preservatives which 
volatilize at high temperatures should be used if most economic 
results arc to be secured. Treatments in plants of this kind are 
really nothing but prolonged dipping reatments and in this respect 
differ from the Giussani process, which submerges the wood in a 
subsequent bath of cool preservative by passing it through a 
second tank. 

Pressure Plants. — Considerable quantities of timber are most 
efficiently handled in pressure plants, which fact accounts for the 
large number now operating in this and foreign countries. (See 
Plate VI, Fig. D and Plate VIII, Fig. A.) The essential features 
in all plants operating on this basis are quite^imilar, although 
the details of construction and operation vary through wide 
limits, these depending upon the opinions and experience 
of their builders and the class of work the plant is to handle. 
In general, the following units are characteristic of all pros- 




Fkj. a. — A post tivatiiiK plant rnaili* of two barrels aiul an iron pipe. (For- 
est Service photo.) 
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sure plants: (1) A retort house, (2) a pump house or 
room, (3) a boiler house, (4) a machine shop or room and (5) a 
yard for storing, loading, aivl handling the timber. Some plants 
are also equipped with a sawmill for framing the timber prior to 
its injection with preservatives. The arrangement of these 
units in a typical plant is shown in Fig. 10. Variations, of 
course, occur, especially if the plant is to operate a special process, 
or only on a given kind of timber. Furthermore, the cylinders 
may vary in number from 1 to 9 or more, in which case a different 
arrangement of the units would be made. 



The Retort House— The retort house is built primarily to cover 
and protect the treating cylinders or retorts. In best con- 
struction it is made of steel, brick, or re-enforced concrete, al- 
though a wooden structure may be used if minimum cost is 
desired. To guard against loss of preservative due to leaks, 
or accident, the floor is sometimes made of solid concrete with 
appropriate drains to a sewer or underground tank, and de- 
pressed so that the level of the rails in the retorts will be the same 
as that of the outside tracks. It is well to so construct the build- 
ing that a free ventilation can be obtained to carry off the vapors 
which frequently arise during the operation and to keep the 
temperature in the house from becoming oppressive to the 
workmen. 

Retorts (or Cylinders).— These are invariably built of steel 
and are cylindrical shells mounted horizontally upon concrete 
piers. Their diameter varies from about 6 to 9 feet, and length 
from about 50 to 180 feet. A good size is 7 feet X 132 feet. 
The 7-foot diameter enables a more economic utilization of space 
in the cylinder than a smaller diameter and is not too large to 
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make the handling of the cylinder cars expensive and clumsy. 
The same reasoning applies to a length of 132 feet or thereabouts. 
The thickness of the metal in the retorts varies from about 5/1 G 
to 1 inch. Good practice is to use metal of such thickness that 
working pressures of 150 to 175 pounds can be safely used. In 
some cases lower pre.ssures of 100 to 125 pounds give satisfaction. 
The plates of which the retorts are made are riveted with either 
butt or lap joints. For high pressures the former is the more satis- 
factory. In order to completely drain the retorts a slight pitch is 
given them. It is very important to have the retorts mounted 
upon firm piers, or trouble from buckling is likely to occur. If 
the plant is built on marshy ground the piers should be made 
wide at the base and close together or mounted on piles. The 
retort is perforated to admit pipes, gauges and thermometers, and 
often has a small dome riveted on the top and in the middle to 
act as an expansion chamber for the contained air and oil. 

Retort Thermometer. — The manner of phudng the retort 
thermometer is very important or incorrect readings of tem- 
perature will result. The bulb of the thermometer should not 
be too close to the shell of the retort but should be at least 2 
inche.s from it. The thermometer preferably should be inserted 
near the middle of the retort and half way up. In order to be 
sure of the reading a pet cock should be inserted in the ther- 
mometer plate and some oil drawn off during the treatment. 
In addition to the direct-reading thermometer, recording ther- 
mometers are also highly desirable, as they give a complete record 
of temperature during the entire treatment and enable the 
manager to get an accurate check on his men. Care should be 
exercised to see that the thermometer is properly calibrateil and 
guarded against the men tampering with it. By ascertaining the 
temperature at various points in the retort (by means of a 
maximum and minimum thermometer) the thermometer inserted 
in tin; shell can be calibrated to give the average reading in the 
cylinder. 

Retort Gauges. — These arc inserted in the retort to record the 
pressures in it, whether above or below atmospheric. They may 
be inserted at any convenient point in the top of the shell. If 
direct reading, the gauges should be protected from injury by 
preservative by means of a water seal or diaphragm. The 
author’s experience with combination pressure and vacuum 
gauges has not been satisfactory and it is believed separate gauges 
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I'Ki. A.— Stiiall wood prescrviii}!: plant d('si}!:iu'd by the I'. S. Fon'st 
tS;‘i'vi(’(‘ in co-opia'at ion with tin' Louisiana ( 'rcosotijijr (’o, (Forest Service 
J)lioto. ) 



I'Ui. li. -View tlirou^rh a lar^^o treating; cylinder. Note guard rails, steam 
coils and track. International Creosoting and Construction Company. 


(Fanny pays 92 .) 










OPERATION OF WOOD PRESERVING PLANTS 


93 


give better results. Self-recording gauges are highly recom- 
mended. 

Anchors and “Turtles.” — As the temperature of the retort 
varies considerably, it is necessary to anchor the retort and also 
allow for its expansion and contraction. Anchorage can best be 
made at the middle. There are several methods of doing this 
but embedding a channel or angle iron riveted to the retort 
in a concrete pier or “tie rods” in two piers prove satisfactory. 
In some plants the retorts rest in cast-iron saddles or ‘Turtles,” 
which are permitted to slide back and forth over plates embedded 
ill tlie piers, thus providing for expansion. In other cases the 
turtles are made of wood. Although steel rollers are sometimes 
used to permit a freer rnoviunent of the “turtles,” tliey are not 
necessary, as equally satisfactory results can be obtained by 
simply permitting the expansion and contraction to take place over 
flat surfaces. 

Retort Coils. — Steam coils placed in the bottom of the retort, 
generally over its entire length in order to heat the preservative, 
are a source of constant expense and troubh^ unless they are 
properly laid, as they dilute the preservative with steam and cause 
leakage of the preservative. (See Plate VIII, Fig. B.) The im- 
portance of first-class construction in tliese coils cannot be over- 
emphasized. A few plants omit the coils lint as a general rule 
they are necessary for best results. Common iiractice consists 
in screwing extra heavy 1 1/4 to 2-incli pipes into extra heavy 
return bends or headers. If this is done only sharp threads should 
be used and no white lead or any similar material should be 
permitted in order to makethe joints tight. Two schemes wliich 
appear meritorious are to u.se cast-iron radiators in place of coils, 
these being coupled in .series, or to place one steam pipe in- 
side another, leaving one end free so that it can expand and 
contract at will. This latter device has been found very satis- 
factory in practice. In order to protect the coils from possible 
injury due to derailment and from dirt off the timber, per- 
forated steel plates are frequently laid over them. 

Guard Rails. — When the cylinder cars loaded with wood are run 
into the treating retorts, the tendency is for them to float off the 
track after the perservative is admitted. This is because the 
buoyant force exerted by the wood is greater than the dead weight 
of the cars. To overcome the possibility of such trouble, guard 
rails are generally used. Three types of such guard rails are in 
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use. In one an angle iron is Incited to the scats riveted to tlu' 
shell of the cylinder. The car with its load can float partially olf 
the tract equal to the distance between the top of the retort and 
the top of the iron bale or hoop fastened to the car — a space usually 
of I 1/2 to 3 inches. As the preservative is run from the cylinder 
the car gradually settles into i)osition on the track. 

In the other two types a projecting flange is generally rivcdi'd 
to the cylinder car, which slides under the guard rail and thus 
prevents the car from floating, the only dilYerence in the two 
types being that in one the projecting flange is riveted on tlu* 
bottom of the car, while in the other it is on top of the frame. 

Retort Doors. — Idiese may be fastened on one or both ends of th(^ 
treating cylinder, depending largely upon the ease with which 
the timber can be handled in the yard. Ibflorts with but oik? 
door are entirely satisfactory and in the author’s opinion arc 
preferable to retorts with doors at l)oth ends. When one door is 
used the other end of the cylinder is closed with a dished head, 
thus saving extra expense and oft(‘n trouble. Retort doors an' 
always fitted to cast-iron or steel rims or “collars” riveted to thi' 
shell of the cyliiuh'r. The.se collars are machined with a dove- 
tailed groove to hold a ga.sket against wliich the “tongue” on IIk; 
door can press. Asbestos rope poumh'd into this groove and its 
surface kept well lubricated with graphite and oil makes a very 
satisfactory packing. 

There are several types of doors but they may be classed 
into two groups, “spider doors” and “bolt doors.” The former 
enable the cylinder to be opened and locked easily ami quickly, 
and for this naason arc pref(?rred by some. They are, howeveu-, 
more expensive than bolt doors and are more liable to get out of 
adjustment and cause leaks. Two kinds of spider doors arc 
generally used. The one shown in Plate VIII, Fig. C, has a 
center screw and lever nut arranged so that each lever has an 
independent connection to the frame, d’he type shown in Plate 
VIII, Fig. I), is stronger and bettor con.structod and so arranged 
that the levers are connected to the frame by a continuous- 
flange ring. Both of these types swing on hinges. 

Most treating plants now use some form of bolt door, as the 
small time of opening and closing is not a very important factor, 
their cost is low, and their construction simple and efficient. 
There are several types of bolt doors and several methods of 
arranging the bolts. A good type is one constructed of solid 
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cast stool, with indopcndont Tce-holts fastciiod to tlio oyliiidor 
and swinging on hinges without a wliool support. Thi.s is 
sliown in Plate VIII, Fig. E. Doors are soniotiines constrnotod 
of a cast-steel rim to which is riveted to a dislu'd-steel plate. 
Such "doors arc light in weight hut not as strong as those of 
Lilid cast steel. (See Plate IX, Figs. A and 15.) In some plants tlie 
b()ll,s are not mounted to the cyliniler hut simply rest in slots 
so they can he removed when not in use. This is the cheapest 
construction hut not as good as where the holts arc fastened and 
hence always in position ready for use. Bolts with an “eye” 
in iilacc of a “Toe” are also used, being fastened to a ring wliich 
passes through the eye, which is in turn tapped to the collar on 
the cylinder. This construction is very satisfactory but has an 
objection in that if one holt becomes damaged it is necess.ary to 
remove all those fastened to the portion of the ring on which it 
swings in order to make repairs. However, as such damage 
occurs hut seldom and as this construction is chimper than the 
independent Tec-bolts, it has very much merit in its favor. 

It is very important to properly irnlied the curved iron plate 
or rail upon which the door wheel rolls or tin; door will either 
jam or not rest on the wheel. Furthermore, impropi'r founda- 
tions will throw the cylinder out of alignment and roinler the 
wlieel useless. 

In order to avoid hinfj^es, doors arc sonietiincs east without! hem, 

as is shown in Plate XI, Fijj;. C. In this ease they are suppoited 
on a small derrick or overhead track so they can be swung or 
run out of the way during the transfer of the cars. Iniither- 
more, they render it unnecessary to entirely remove the nut 
as is done on some of the bolts near the hinge. However, by 
proper design this objection can be remedied on the liinged 
door. 

Retort Lagging.— Practice in regard to lagging or covering 
the retorts to prevent heat losses due to radiation varies widely. 
In northern plants where fuel is high and outside teinperatuie 
at times very low, several plants have covered their retorts and 
tanks and secured very good results. Ihe chief objection to 
covering retorts is the expense and trouble in case of cylinder 
leaks. It is common practice, however, to lag all steam pipes. 
Most plants use exhaust steam to heat these various tanks and 
consider the lagging of the retort unnecessary. It is the a,uthor s 
opinion that lagging is desirable and if properly applied will more 
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than pay for itself in a few years. Mr. R. W. Yarborough con- 
tributed an interesting paper on this subject at the 1911 con- 
vention of the Wood Preservers’ Association. Mr. Yarborough 
roughly estimated that about 2,000,000 B.T.Us. were lost per 
hour in op(‘rating a retort 7 feet X 132 feet, which is equivalent to 
the consumption of about 187 pounds of coal. With coal at 
per ton, this represents a loss of about 30 cents per hour, or $2.10 
per 8-Iiour day. It costs about $^100 to $1200 to cover a 
7 foot X 132 foot retoit, depending upon the kind of lagging used. 
Most any fibrous material which is a poor heat conductor can 
be employed. Cheap coverings can be made according to the 
following: (1) Sawdust and .starch re-enforced with poultry wire, 
(2) cotton seed hulls, (3) mixture in 0 (}ual parts of lime, sawdust, 
and asbestos, (4) sawdust, tar felt, and wood slats. 

The Pump House or Room. — It is highly desirable to have the 
pumping machinery as close to the retorts as possible, as this 
avoids unnecessary piping and renders the operation more accur- 
ate and less trouldesome. (See Plate IX, Fig. D.) In best practice 
this is accomplished by either building the pump house adjoining 
the retort house or placing the machinery in the retort house and 
separating it from the retorts by means of a fire wall or partition. 
Fumes arising from the cylinders are thus confined to the retort 
house. In the pump ho.ii.so arc installed the force pumps for 
moving the preservatives, vacuum pumps, compressed-air 
pumps, fin? pumps, and at times electrical equipment in case the 
plant is to operate at night. Gauges for recording temperature, 
pressure, and vacuum in the retorts are also frequently installed 
here, as well as the devices for measuring the absorption and 
consumption of the prc.servative in the retorts and measuring 
tanks. The arrangement of this apparatus is one of the most 
important features in designing a wood preserving plant. It is 
very essential to use only high-grade machinery and then, if 
funds permit, provide for duplicate units. Cheap pumps and 
rigid units always result in troublesome delays and repairs, mak- 
ing good work almost an impossibility. Machinery made by 
any high -grade concern can, however, be used, its selection being 
largely a matter of personal taste. Rubber gaskets should not 
be permitted if they are likely to come in contact with creosote. 
Likewise, if zinc chloride is to be used the pumping parts should 
be so con.structcd that they will not be corroded too rapidly 
and hence cause the pumps to work unsatisfactorily. It is es- 
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Plate IX 



Pi(f. C. — Cylinder doors without hinges. Norfolk Creosotin^ ('oiiipfuiy. 
(Forest S(‘rvie(‘ photo.) 



Fi(i. D. — Pump room C. H. <!k Q. H,, U. trentiriK plant. Note arrangement 
gauges and erintrol valves. 
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sontial also to have pumps of such design that the packing and 
working parts can be easily inspected and replaced. Either 
wet or dry vacuum pumps may be used. If the latter, a surface 
condenser will be found advantageous. Some plants have done 
away entirely with force pumps in moving the preservative and 
applying pressure in the retorts by using compressed air. The 
autlior’s experience with such equipment has shown it to be 
highly satisfactory, as it is quick, efficient, and cleans the pipes 
thoroughly. Care should be taken, however, to prevent an 
emulsifying of the oil, espcciallv if it contains much water. In 
fa, (it, it is good policy to so design the plant that the oil can be 
transferred with a minimum of agitation. 

According to Mr. E. J. Angier, the advantages of tlie air- 
pumping system over tlie hydraulic system are:' 

“Only one tank is najuired for each retort, that tank serving in the 
triple capacity of iwessurc tank, measuring t.ank, and drain tank. 

One air pump is ample for three retorts, while one hydraulic pump is 
required for each retort. 

The maintenance of one air pump is much k^ss than three hydrau- 
lic inimps, and is (kahkally cleaner. The air pump recpiircs less at- 
lentioti, and lessens the cost of packing, lulwicants, valves, valve seats, 
]>lung(ws, (‘tc. 

An air pump is a necessity in ])lants using hydraulic ])umps for blowing 
l)ack solution, md(;ss those ])lants are equipped with ('xpensive under- 
ground receiving tanks. I n the latter case an air ])ump can be dis})cnsod 
with in lieu of a large oil jnimp for pumping solution bach into the work- 
ing tank. The umkirground receiving tank is more expensive in opera- 
tion than the air pump, and no doul)t this is t he reason why so few plants 
are thus equijjped. 

One air pump can be operated on two or more retorts at the same time 
without deranging the gauge readings. This is not practicable with 
hydraulic pumps. 

Experience has taught us that it is practically impossible to maintain a 
steady and constant pressure on a charge of timber with a hydraulic 
l)unip, even though it is equipped with relief valves, while with the air 
pump this is easily accomplished. 

The amount of steam required to operate one air pump is not more 
than would be required to operate three hydraulic pumps, but as 
the exhaust steam is used for heating purposes, this feature is not so 
important. 

The initial cost of installing the air-pumj) system is a trifle more than 

'F. J. Angier, Proceedings American Wood Preservers’ Ass’n., 1914. 

7 
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for tlie hydriiulic pump system, but the mainteiuince is less, ami in tlui 
long run air is more economical. The following statement will give soiiio 
idea of the relative first cost, which may vary one way or the otlur, 
depending on local conditions: 

Cost of Aik pumi* Svstkm 

One air pump (capacity 8 cubic feet of compre.ssed air per 


mimite at 175 pounds gauge pressure) $1200. 00 

Three pressurc-measiiring-drain tanks 2000.00 

Piping, valves, etc. (estiinated) 400.00 

Total cost of airnydraulic-punip s\'stem $3000.00 

( 'osT OF IIydu.vulio Pump Systkm 

Three liydraulic punip.s $1000.00 

'I’liree measuring tanks 900.00 

Two 'drain tanks 400. 00 

One low-pres.sure air pump 500.00 

Piping, valves, etc. (e.stimate<l) 600.00 

Total cost of hydraulie-jnimp system $3400.00 


With hydraulic pumps there, is more machinery to care for, more 
tanks to look after, and more piping and valves to maintain. There is 
also more work for the engineer, and urdess everything is compactly 
arranged the engineer will require an a.ssistant. With the air pump one 
man can easily look aft<‘r the entire operation with greater satisfaction 
and with better results.” 

The Machine Shop or Room. — This may Ix' an itidepcndent 
lujildingor a room adjoining the retort hou.se, but in eitborcaso is 
a very iinportant (‘hummt in a pressure preserving plant, espe- 
cially if the plant is nunotely situated. In addition to hammers, 
chisels, wnuiches, ('tc., it is very desirabh; to have a good forge, 
e.specially for repairing cylinder cars. If the plant is large a latlie 
will also be found handy, d’oo much attention cannot be paid to 
a good pipe-fitting outfit, and only clean, sharp dies should be 
permitted about the i)lant. 

The Boiler House. — As a precaution against fire, the boihu' 
house should be a separate Imilding situated some distance from 
tlie treating plant proper, d'here is nothing novel about the 
construction of the. boiler hou.se. A conunon mistake, however, is 
to undeiestiinate boil(;r capacity, especially where steaming is 
practised and low temperatures arc encountered. A good ratio 
is about IfiO II. P. to a cylinder 7 feet in diameter X 132 feet in 
length with a working pressure of 125 pounds. 
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Yard. — The yard arrangement is one of the most important 
features of a wood preserving plant. (See Plate X, ]<’ig. A.) To 
have the yard designed in a flexihlc manner so any point can be 
easily reached without unnecessary distance, to economize in tj-uok 
equipment, to alloAV proper storages for the timber, and ready 
means of loading and unloading it is not a problem easy of solu- 
tion. Many yards are poorly designed, resulting in an unnec- 
essary initial expenditure and excessive operating costs. While 
the yard layout will vary considei-ably depending upon the re- 
quirements peculiar to each plant, certain general essentials 
applicalde to all yards can be given. 

In the first place, the yard should be level, well drained, free 
from rank vegc.'tation, and if possible' covered with cimh'rs. Hie 
timber should be piled off the ground at least 8 inches, preferably on 
creosoted stringers, with sufliciemt space bet ween the piles to allow 
a free circulation of air and ready inspection. No decayed wood 
about the yard should be tolerateal. 

The track should be well constructed, with good beai’ing for 
each tie, properly spaced, in perfect alignmmit, and even grades. 
The rail sliould not be too light Init should run (it) jiounds or over. 
To use a very light rail or old rail badly worn or pitted is poor 
('conomy. So far as possilile tin; traidv should lie straight and 
sharp curves avoided. A good working distance between tracks, 
center to center, is 50 to 70 feet. If the plant is to handle 
several forms of timber, especially piling, poles, and long dimen- 
sion stock, the use of 3-rail track for standard and narrow 
gauge is satisfactory and economical but liable to cause delays. 
If only ties are to be treated, a narrow gauge in the yard ])roper 
is sufficient, standard gauge being u.sed only to ta}) the main 
centers of distribution. The number of frogs and crossovers 
should be kept to a minimum, but should allow sufficient flex- 
ibility in moving trains or cars. The use of a transfer table has 
been suggested by Mr. W. F. Goltra in order to keep the number 
of switches to a minimum. There appears much merit in this 
scheme. A yard arrangment for a tie plant is shown in Fig. 10. 

Loading Dock. — If the plant is to handle large numbers of ties, 
a loading dock will be found very useful, especially if the plant re- 
ceives mostly fiat cars or gondolas and the ti(‘s are loaded by 
hand. The dimensions of the loading dock will vary, of course, 
with the size of the plant, but it should have an elevation at 
least equal to the height of the floor in freight cars. A loading 
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dock for tics is shown in Plate X, Pig. B. The loading dock 
enables the foreman to easily keep his workmen in view. 

Methods of Transferring Material in the Yard. — Practice 
varies and opinions differ concerning the best method of handling 
timber in the yard. The tram or cylinder cars are moved in four 
ways: by cables, dummy engines, electric locomotives, and by 
horses or mules. For tie plants where the yard arrangement can 
be simplified, electric locomotives are very satisfactory. For 
general all-around work the dummy engine is satisfactory, as it 
is inexpensive, flexible, and efficient. If properly handled it offers 
no unusual fire risk. When labor is avialablc, loading and un- 
loading ties by hand is still best practice, especially when it can 
be done by piece work. Some plants, however, use the locomo- 
tive crane moving a whole buggy load of ties at a time. (See Plate 
X, Fig. C.) For titiibers which are too heavy to be moved by hand 
the author prefers the locomotive crane toany other system, large- 
ly because of its efficiency and flexibility. Stationary derricks 
operated by cables arc also satisfactory for heavy timlxu’s, l)ut 
have not the radius of action of the locomotive crane. Traveling 
cranes are also used by some plants but like the derrick are limited 
in their territory. Furthermore, unless the structures on which 
they run are properly braced and mounted on solid foundations, 
they will get out of alignment and cause trouble. In a few treat- 
ing plants small canals filled with water run through the yard. 
The heavy timbers are rolled off skids into these canals and 
floated to the retort house, where they are placed on the cylinder 
cars by a traveling crane. (Sec Plate X, Fig. D.) A few coast plants 
store tlieir heavy timbers as rafts in water — a method which of 
courseprecludes any air .sea.soning. 

Cylinder Cars. — The.se arc also referred to as tram cars, bolster 
cars, retort cars, and “buggies.” Three general types are gen- 
erally recognized: (1) a tie car of rigid construction throughout, 
(2) a swivel or bolster car which has a pivot bearing to allow for 
long timbers in rounding curve, and (3) a block car for holding pav- 
ing blocks. Two of these types are shown in Plate XI, Fig. A, and 
Fig. B. There are two essential features in the proper building of all 
types, which are often sadly neglected, viz., a heavy, substantial 
construction and a maximum holding capacity. On account of 
the severe usage to which the cars are put, they should bo made very 
strong or they will soon be broken or bent and consigned either to 
the repair shop or scrap heap. Especial attention should be given 




Fig. B. — Tie treating ])Iant of tlie Pennsylvania R. R. Note conerete 
loading doek with empty cylinder cars on top, also manner of unloading 
and piling ties for air seasoning. (Photo through courtesy of the P. R. R.) 

{Fncina page 100 .) 



ri(i. (’. — l ’nloadirifi treated ti(*s from evliiidi'r l>\i>;)<;ies into koikIoIms 
with a loeoinotive crane. Port Heading (Veo.soting Co. (Forc.st Service 
pli(jto.) 



tio. D. -Overhead electric crane for loading tiniher iido cyliruh'r ears, 
(lulfport Oeo.soting Co., (Julfport, Mi.s.s. 
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to properly reenforcing the curved arms so tliey will not bend and 
jam in the cylinder. The frame work should also be set low or 
the treating capacity of the plant will be greatly decreased. A 
solid iron hoop or “ bail ” is prefei-red to chains, in order to hold the 
timbers on the car, and no jamming or pounding of the bails 
sliould be tolerated. It is almost universal practice to build the 
cars without couplers, the idea being to save expense, time and 
space in the cylinder. tlu* cars must always l;e pushed 

and ncvei’ pulled. Some plants broke away from this practice and 
used couplers on their cars so they could be pulled as well -as 
pushed — a scheme which has been prohibited in certain states 
because of danger to workmen. Block cars can be made out of 
tic cars by simply placing on the tic car a perforated slieet-iron 
basket with hinged doors. In some cases the cars are built 
purposely for handling blocks and so designed that they can be 
emptied by lifting them bodily with a locomotive crane and turn- 
ing them upside down. 

A good feature in the d(‘sign of cyliiuh'r cars is to have loose 
wheels of heavy construction fitted with rollej* bearings and a 
fairly wide tread. 

Measuring, Mixing, Working, and Storage Tanks. -A meas- 
uring tank is one used for measuring tlie absolution of pre- 
servative forced into the wood. It is invaiiably constructed of 
steel. It is considered good practice to have the diameter of these 
tanks as small as [lossible in order to allow for an accurate reading 
of the pre.servative and to have them a(*curately calibrated. 
Furthermore, they should be placed as close to the retorts as 
proper design will permit. Some engineers have carried this 
idea as far as to place them directly over the retorts. The size 
of the measuring tanks in relation to the size of the retort varies 
greatly in practice. In some plants the volume of the measuring 
tanks is 1 1/2 times the volume of the cylinder, in others it is less 
than half the volume of the cylinder. In most plants these 
tanks are built to withstand the pressure due to only the head 
of the preservative, and are elevated upon stationary platforms 
so that the preservative can flow from them into the retorts 
by gravity. In a few plants, using compressed air, the meas- 
uring tanks are mounted on the ground and built to withstand 
a working pressure equal to that of the retorts. Another design 
mounts the measuring tanks upon scales so that as the preservative 
IS pumped out of them through flexible connections the amount 
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of preservative forced into the retorts can be read directly. All 
float gauges are in this case done away with. The author prefers 
the two latter designs of constructing tanks of this kind. 

Mixing tanks are used for making solutions of zinc chloride. 
A substantial construction is to use wood lined with lead. Con- 
centrated solutions of zinc chloride are basic and will attack 
wood. If tar is mixed with creosote the tanks in which this is 
done are also sometimes called “mixing tanks'’ and are generally 
built of steel. 

Working tanks are intermediate in .size to measuring and stor- 
age tanks and are in common use. They are not used to measure 
absorption l)ut to aid the measuring tanks in filling the retorts 
with preservative. In other words, after the wood has been 
placed in the retorts and the doors locked, the preservative is 
run from the working tank until the retort is filled, after which 
the preservative is drawn from the measuring tank. Working 
tanks arc usually built of st(‘el and elevated so that the pre- 
servative can run from them into the retorts by gravity. If zinc 
chloride is used, the tanks are frecimmtly })uilt of wood, as weak 
solutions of zinc chloride will attack steel. In some plants 
working tanks are not used, in which case the measuring tanks 
arc made with larger capacity. Working tanks may have fi'om 
about 1 to 3 times the capacity of the retorts. 

Storage tanks, as the name implies, arc u.sed to store the 
pre.servative. There is no agreement as to size, this depending 
upon the requirements of each plant. They are generally located 
some distance from the plant proper as a matter of safety. It is 
well to have the .storage tanks at lea,st sufficiently largo to allow 
for a month's supply when operating at full capacity. On account 
of th(‘ir large size, storage? tanks are frequently built without a 
roof, evaporation of oil being retarded by means of a water seal. 
Oenerally the measuring and working tanks are covered. 

Home plants are equipped with receiving tanks, which arc 
buried below ground so that the excess preservative in the retorts 
can be drained into them, after which it is pumped back into the 
working or measuring tanks. This enables a quick emptying of 
the cylinders. When the exce.ss preservative is pumped or 
blown back from the cylinders, these tanks are unnecessaiy. 

B(;cau.se crof^.sote congeals at low temperatures, all of the 
tanks described are generally fitted with steam coils through 
which exhaust or live steam may be pa.ssed. Traps should bo 
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coupled to the exhaust ends of all these coils. Air is at times 
passed through the storage tanks in order to keep the composition 
of the preservative uniform. 

Gauges and Scales. — Many plants are still careless in their 
methods of measuring absorptions of preservative. Of course, if 
the plant is doing its own work, as in most railroad plants, 
a(!(mratc measurements of absorption are not as essential as in 
commercial plants treating on contract. However, in cither 
case, correct determinations are at least desiralde. Heveral 
methods of measuring absorption are in practice. The most 
common is to have a float and tell-tale sliding on a vertical scale 
board, the two connected by a chain or fine piano or annealed wire 
which runs over pulleys. If the float, tell-tale, and pulleys are 
larger operating with little friction, the scale board accurately 
calibrated, the chain or wire protected from the wind, and the 
preservative, if an oil, corrected for temperature expansion, this 
method is simple and gives satisfactory results. Care should be 
taken to agitate the preservative as little as possible in pumping 
or blowing back. 

When compressed air is forced into the top of the measuring 
tank the totid absorption may be (h'termined by gauge glasses 
or pet cock fastened to it, and a check on the total amount made 
after the ex(!ess ])reservative has been pumped or blown back 
from tlic retort. 

If the measuring tank is mounted on a scale, the absorption 
may bo read directly from the scale beam in pounds. This 
renders corrections for temperature expansion imnecc'ssary in the 
measuring tank. Another excellent devices is to use a mercury 
column set at an angle to tlie desired degree of sensitiveness. 
(Sec Plate XI, Pig. C.) Readings in pounds can tiuis be directly 
and accurately obtained. Care should be taken to keep the oil in 
the gauge pipes liquid and free from air. A very good check on 
the methods just described is to weigh the timber on track scales 
before it goes into the retorts and immediately after it comes 
out. This, doubtless, is the most accurate way of determining 
absorption. It cannot be used, however, if the timber is steamed 
or boiled in oil while in the retort, as such treatments change the 
weight of the untreated wood. It is by no means easy to measure 
accurately the amount of preservative the charge of wood is 
absorbing, especially during treatment, and this is largely a 
matter dependent upon the skill of the operator. A very im- 



104 THE PREEKRVATION OF STRUCTURAL TIMBER 


portant aid in gauging absorption is to have accurate ther* 
mometers in all tanks used during the treatment. 

Piping. — The importance of using sharp, clean threads in mak- 
ing pipe connections has already been emphasized. Too much 
emphasis cannot be laid upon this detail. It is also highly 
desirable to make all pipe lines — especially those for trans- 
ferring oil — as short as possible, and to provide a system 
whereby then can be completely drained, with a sump if neces- 
sary. Otherwise, trouble may be experienced with the oil con- 
gealing in the pipes. Another essential is to use only high-grade 
gate valves with replaceable wearing parts in all lines for trans- 
ferring liquid, and to pack these with material notattack('dl)y tin' 
preservative. A precaution against leaks or l)reakag(‘ is to have 
duplicate valves in all important lines. As considera])le dirt, 
pieces, of bark, etc., fall from the timber, all linos transferring pre- 
servative from the retorts should be protected with perforated 
plates or screens. A 'Tnud druiiT' placed below the retorts is a 
good precaution. If these safeguards are not taken, the valves run 
a decided risk of being either damagcal or destroyed. 

Shower Baths. — Under best operating conditions a wood-pre- 
serving plant is none too cl(‘an a plac(‘ for workmen, d'hosc' 
com[)anies which have installed locker rooms and shower baths 
for thtur men have found their investment a paying orn^ Since 
these can l)e installed at small expense, they ar(i rticommended. 

Inspector’s Laboratory. — Too freciuently an inspector’s or 
chemical laboratory is eitln^r omitted entirely, or when an at- 
tempt is made to furnish one, it is a good place to avoid. This 
is bad business policy, as the most progressive companies hav(i 
discovered. While, of course, an elaborate outfit is not neces- 
sary, the place should be clean, well lighted, comfortable, and 
equipped with proper apparatus. In bri(‘f, the inspector’s 
laboratory should contain a detailed map of the plant, showing 
all valves and pipe lines, with tables giving the dimensions of all 
essential plant units. It should have tools, such as rules, tapes, 
a brace and bit, saws, and hatchets, for studying the peiudra- 
tions, and standard tallies for ready reference; apparatus and 
chemicals for analyzing the preservative, including retorts, 
flasks, beakers, pipettes, liydrometers, etc., and a chemical 
balance. While not absolutely necessary, a drying oven for 
studying moisture in wood and a refractometer for studying 
oils will also be found helpful. Samples of wood properly iden- 
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tified as to kinds and showing proper treatment will also be found 
valuable. Some companies have not only equipped their plants 
with such laboratories, but have furnished a small experimental 
plant. Unfortunately, the press of daily routine almost in- 
variably prevents the operators from carrying on experiments 
in them. 

Fire Protection.^ — ^The best fire protection lies in proper pre- 
vention through wise design and efficient operation. Under 
such conditions danger from fire is very slight. However, as 
addtul piM^caution and to meet underwriters’ rccpiircmcnts, a 
good fire pump is highly desiralde. In addition, the water stor- 
age tank can Ixi drawn upon. Fire hydrants should also be in- 
stalhul in the yard and properly maintained. Home plants leave 
fire lanes ])(‘tween the piles of timber 30 or more feet in width. 
Foxes of sand protected against rain and equipped with shovels 
are an excellcuit safety factor, as well as hand chemical extin- 
guisluM’s hung at vital points in the plant. 

Lighting Equipment. — As the plants are often called upon to 
run at night, the dynamos should be sufficiently powerful to not 
only light the plant proper but also arc lights in the yard. As a 
general rule, however, loading and unloading of material should 
b(i confined as much as possible to the daytime, leaving only the 
treatments for night work. 

Sawmill and Block Equipment. — Several wood-preserving 
plants in the United States are equipped with small sawmills to 
frame their t imbeu’s before treatment. The framing of such tim- 
bers before the preservative is injected is good practice, as it 
insures a protection to the wood over its entire surface. In fact, 
ideal f)racticc would be to have the timber framed to the exact 
dimensions required so that no cutting or boring would be re- 
quired after it has l)een treated. There is nothing novel about the 
construction or operation of these sawmills. They can bo located 
at any convenient place in the yard and, as a matter of safety, 
some distance from the treating plant. 

The manufacture of wood blocks is almost invariably done in 
connection with the treating plant, the timber being received in 
planks and sawed into the various sizes of blocks required. 
The planks are carried by chain conveyors to the saws, 
which are spaced so as to cut them into the desired depth of 
block. In some plants the saws are all arranged on the same axis 
and the blocks all cut at one time. In others the planks are first 
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cut into smaller planks, which are in turn cut into blocks, it being 
claimed that this economizes in wood consumption, as knots, etc., 
can be trimmed with least waste. The blocks then fall from (he 
saws onto a conveyor, which either carries tliem to a l)in, or, 
preferably, direct to the cylinder cars, into which they are dumpt'd 
by gravity. A good design is to have the cylinder cars on a t rack 
paralleling the block conveyor. As the blocks arc carried along 
the conveyor they can be inspected and all defective blocks re- 
moved. By having small swinging gates along the side of tin; 
conveyor, the operator can open one, using it to deflect the blocks 
into the cylinder car below, and after this has been filled, close 
the gate and open the next one situated further on, thus deflecting 
the blocks into the second car, and so on until the entire charge 
is filled. This method works very efficiently and minimizes 
labor. The rate at which the blocks can 1)0 manufactured varies, 
of course, upon the size and specal of the macdiine and depth to 
which the blocks are cut. A good machine, however, should 
turn out 200 square yards of 4-inch, blocks per hour. 

The Chicago Creosoting Company has reccuitly taken out pat- 
ents on a new type of plant for treating paving blocks which does 
away entirely with cylinder cars and enables a decreased cost in 
operation. Their cylinders, which are 11 feet in diameter and 11 
feet high, are built vertical, the })l()cks being carried on a con- 
veyor and dumped automatically into the cylinder. The treat- 
ment is then conducted in the usual manner, after which th(‘ 
door in the bottom of the retort is opened and the blocks fall 
directly into cars for shipment. (See Plato XI, Fig. D.) 

Tie-boring and Adzing Machines. — At present few treating 
plants consider tie-boring and adzing machines as a fixcal part 
of their equipment. There is no doubt but what such machines 
are a desirable ass(d to any plant which is treating large quantities 
of ties, and that they will be viewed with increasing favor because 
of the excellent results secured from them. These machines at 
present are generally mounted upon a portable platform such as 
an improvised box car and are driven by a gas engine. (See 
Plate XII, Fig. A-Plate XII, Fig. B.) The rough tics are placed 
on a conveyor which automatically passes the ties through the 
machine, where they are adzed and bored. Other attachments 
arc sometimes used, such as a device for trimming the ties to exact 
length, and a die or punch which brands them on the ends, this 
giving the date, kind of treatment or species of wood. The ties 






Platk XII 



Fk;. C, —Section through an oak tie showing a (Mit and screw spike 
driven in place. Note comparative di.stortion of wood filx'rs, (Photo 
through courtesy of the Spencer-Otis Co.) 
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then pass down a conveyor on the opposite side of the car, where 
they are piled either in stacks or directly upon cylinder cars for 
treatment. The capacity of these machines varies but avera^^es 
about 3000 ties per 10-hour day. The advantages of such treat- 
ment are given in greater detail in Chapter VIII. The total cost 
of adzing and boring ties varies from about 1 1/4 to 2 cents each. 

The Operation of Pressure Plants. — The operat ion of pressure 
wood-preserving plants varies widely, depending upon local 
conditions, the opinion of the engineer in charge, and the proc- 
esses used. The latter have been descril)ed in detail in (Uiapter V 
l)ut we will discuss here the effect of the various manipulations 
more or less common to all plants. Unfortunately, the amount 
of exact data available is very meager, and results arc often se- 
curful without knowing why; hence the success or failure of a treat- 
ment depends very largely upon the experience of the operator. 

The Effect of Vacuum. — A vacnium may be drawn in the treat- 
ing cylinder before the preservative is admitted, or after the pre- 
servative has l)e{Mi fonaul into tin* timber, or both before and 
after. When drawn befonj admission of preservative, it is re- 
ferred to as a ‘‘preliminary vacuum.” If drawn after injection 
it is called a “final vacuum.” 

As stated in Chapter IV, a preliminary vacuum drawn imme- 
diately after the timber has been steamed helps to dry the timber. 
The reduced pressure in the cylinder lowers the boiling iM)int of 
water and hence hastens the rate with which it evaporates. 
When a preliminary vacuum is drawn on air-seasoned wood it 
also tends to slightly dry the wood and remove an appr('ciable 
amount of air from it. If, now, the preservative is admitted to 
the cylinder without breaking the vacuum, the spe('d with which 
the cylinder fills is increased. Furthermore, the preservative 
can usually be forced into the wood in a shorter time and with 
less difficulty. But the most noticeable effect is the manner in 
which the preservative is held in the wood after tlu^ j)ressure is 
released (Fig. 11). It will be noticed that only a comparatively 
small amount of it rebounds or drips from the timber. The 
absence of large amounts of air in the wood cells is undoubtedly 
the cause of this, since on the release of pressure there is not suf- 
ficient expansion of this air in the wood to force out much of the 
preserving fluid. In order to leave the greatest amount of 
preservative in a given stick of timl)er, therefore, a preliminary 
vacuum should be used. This fact is of prime importance in 
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treating timbers which arc resistant to absorption or when 
large absorptions arc desired. The greater the intensity of the 
vacuum, the better will be this result, and, if possible, at least 26 
inches should be obtained. Tin; length of 1 ime the vacuum should 
be held depends chiefly upon the kind aiul size of tini])er l)cing 
treated. Porous woods like maple and red oak require a shorter 
vacuum period than resistant woods like h('inlock and tamarack. 
Small size timbers recpiire a shorter vacuum period than large 
size.’ Exact periods for all species and sizes of wood arc not 
definitely known. Some attempts to secure data on the rate at 
which a vacuum can be drawn on the interior of air-s('asonod 
ties were made at the U. S. Forest Products Laboratory liy lioring 
a hole to the center of the tie and inserting a small pipe connected 
with a vacuum gauge fastened to the shell of tlic cylinder, 
and thus drawing a vainium in the cylinder. It was found that 
in the porous woods like nnl oak tin? vacuum on the insider ap- 
proacluMl that on the outside much more rapidly than in the more 
resistant woods like hemlock. ()f course, it, is not necessary to 
secure as great a vacuum in the cent(‘r of tiinlier as in the outside, 
because the preservative can rarely be forced to the center, espe- 
cially in large-sized sticks, but the closer this can be obtained, the 
more beneficial will be the results. 

To sutn lip tlic clTcct of a. proliniinary vaemnn : 

1. More preservative is absorbed during the filliti}^ of the cylinder than 
when no preliminary vacuum is used (Kig. 12). d'his is especially true in 
porous woods like loblolly pine. 

2. It reduces the length of time pressure must be held in tin' cylinder in 
order to secure the desired absorption. This dilTerence is .ajijiarently very 
slight in woods of moderate porosity like maple, but considerable in porous 
or re.sistant woods like loblolly pine or hemlock (Fig. 12). 

3. It reduces to a minimum the rebound or “kickback” of the preserva- 
tive on the relea.se of pressure in the cylinder (Fig. 12). 

4. It reduces to a minimum the amount of drip (Fig. 12). 

5. It enables very heavy absorptions to be more easily obtained. 

6. It tends to produce very unequal penetrations and al)sor]dions if only 
small amounts of preservative are forced into wood and hence should not be 
u.sed in such cases. 

A final vacuum proiluces the oppo.sitc effect of a preliminary 
vacuum in that it tends to remove the presi^rvative from the wood. 
It is greatly aided in doing this if air is loft in the wood or if the 
wood is treated with compressed air before the pre.servative is 
admitted. The vacuum causes this air to expand and force out 






Atmosphere 



Fig. 13. Absorption-time curves in creosoting red-oak ties by the pressure processes. Same as showi 
except that a final vacuum was drawn in these tests. Compare total recovery with that shown in 
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the preservative. A final vaciiiiin is drawn either to dry tho 
timber and thus reduce loss of preservative through drip, or to 
withdraw a portion of the preservative (see description of “emply- 
cell” processes), or to do both. In the tests ref(‘rr(‘d t(j above, m 
final vacuum was drawn on some of the ties and its (‘tfi'ct in iv- 
covering creosote is shown in Figs. 13 and 14. In these tests 
the amount of preservative recovered was about 10 percamt more 
than when no final vacuum was drawn, being gnaitest in woods 
easily treated and least in those which are resistant to injection. 
It should be noted that if a preliminary vacuum is uscal in (*on- 
nection with a final vacuum, a very small rc'covery of oil is se- 
cured, hence in heavy treatments both may be used to advantage. 



Fio, 14. — Showing the effect of air in ties upon the “kickback “ witli creosote. 

To sum up the effect of a final vacuum : 

1. It dries the ties and hence reduces drip (Fig. 13). 

2. It removes some of the preservative injected into the ties, aliliough 
this, in itself, is apparently not great, but may be appreciable if used in con- 
nection with a preliminary or atmospheric air pre.ssure (Figs. 13 and 15). 

The Effect of Air Pressixre- — Air pressure is used (dther before 
or after the preservative is forced into the wood; lienee, as with 
the vacuum, we have “preliminary” and “final” air pressures. 

Preliminary air pre.ssures are used to force a portion of tlic 
preservative out of the wood and hence give an “empty cell’' 
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treatment. (See Rueping Process.) As would be expected it 
can be forced more easily into porous than nonporous woods 
If a preservative is forced into wood filled with compressed air 



and the pressure on the preservative is then released, the air in 
the wood will expand and force out a part of the preservative. 
Some data on the amount thus forced out is shown in Figs. 12 

and 13. It will be noted that the amount of air forced out varies 
8 * 
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cylinder over wliat is absorbed when only atmospheric pressure is used 
(FiK. 16). 

2. Increase the length of time pressure must be held on the preservative in 
order to obtain the desired absorption. This is but slight, liowcvcr, in 
woods like red oak but considerable in resistant woods like hemlock (Fig 
12). 

3. Increase the amount of preservative wliich rebounds or “kickback" 
from the wood on release of pre.ssurc (Fig. 12). 

4. Increase the amount of drip (Figs. 12, 13). 

5. Leave a minimum amount of preservative in the wood (Fig. 14). 

A “filial air pressure” is seldom used. It was originally ad- 
vocated to force the preservative deeper into tlie wood and thus 
produce an “empty-cell” effect. While it tends to do this to a 
slight extent, nevertheh^ss it exerts a more pronounced action 
in rcanoving some of the pres(‘rvative. This is probalily duo to 
the fact that when pre.ssurc is released the air escapes from the 
wood and carries some of the preservative with it. 

The Effect of Pressure on the Preservative. — In apfilying 
f)ressuro to a preservative in a treating cylinder three; factors are 
of imiiortance: The intensity of the pressure, the duration of 
the pressure, and the rate at which the pressure is applied. 

In geiuu’al, the higher the pressure the greater and more rapid 
the penetration. On iiorous woods, high iircssures are not neces- 
sary and, in fact, often objectionable IxH'ause they force tlie pre- 
servative too rapidly into the wood and cause irregular penetra- 
tions. With r(;sistant woods, high pre.ssures (175 pounds per 
square inch or over) are also of little value bi'cause the r(;sistancc 
of the wood is often so great that the application of excessive pre.s- 
sure — even 500 pounds per square inch or more — is not suffi- 
cient to overcome this resistance. Working pressures of from 
100 to 150 i)ounds per square inch give most general sa tisfaction. 

As the wood cells are minute and the channels through whicli 
the large portion of the preservative passes are frequently micro- 
scopic in size, it is necessary to allow sufficient time for the pre- 
servative to diffuse through them. If tlie desired absorption 
of preservative is secured in a short period, the penetration is 
apt to be very irregular, whereas if the same absorption is ob- 
tained in a longer period a more uniform distribution is generally 
secured. The ideal result is to have the i)reservative diffused 
through the wood uniformly and deeply. The application of a 
lower pressure held for a longer time approaches this result better 
than a high pressure held for a short time. Its chief disadvantage 
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is a decrease in the capacity of the plant. Th(‘ rate at which the 
pressure! is applied to the preservative is also imj)ortant. If it is 
applied ra})idly up to the maximum, and the maximum is hi^rh, 
the desired absorption will be obtained in the shorb'st time but 
at tlie expemse of greatest diffusion. A rapid application of 
pressure with a comparatively low maximum is ladder practice'. 
If, however, the opc'rator wants capacity, and a larf»:e n'bound or 
“kickback” of pres(*rvativ«^ after the pn'ssun' is release'd, ;i 
rapid ai)plication of hiti!:h pressure! is tlie Ihinji; to use. ddie erratii; 
penetration due to a quick absorption may be compensated for, 
in part at least, if the o|)erator forces into the wood more j)re- 
servative than 1 h! intends to h'av(‘ in it, and counts upon tlic 
“kickback” to remove the surplus preservative. As has Ih'c'ii 
shown above, tin* condition of the' air in tin' timlx'i* also produces 
a mark('d eflV'ct upon the amount of prese'rvative which rebouiuls 
out of the wood when pre.ssuix' is releaseul. 

Some Common Errors and Difficulties in Operating Pressure 
Plants. — hiven in the Ix'st (‘(piij)p«'d and managed plants, nu'chan- 
ical errors and difficult i(‘s in opc'ration an' almost daily (‘iicoun- 
t(‘red. Without ^oing into tlu' (h'tails charactc'ristic of (uich proc- 
ess, the following gem'ral notes may be found of service, j)articu- 
larly to operators and insp('ctors. 

Difficulty of Measuring Volume of Charge. -TIu' volume of 
tli(! timber in the treating cylinder could easily be dc'tifrmined, 
irrespective of its form, by subtracting th(‘ (piantity of prc'serva- 
tiv(‘ it takes to fill tin* cylinder wlnm charg<Ml from that lU'cessary 
to fill it when empty, and de<lucting th(! volume of the cars, w(‘re 
it not for the fact that the wood will al)sorb the preservative 
while the cylimh'r is Ix'ing filh'd. Tlu! amount absorlx'il varies 
with the kind and condition of the wood, b(!ing gn'atest intlii! 
ca.se of porous woods air-dry and least for resistant woods wh(!n 
green, but generally ranges from about 5 to 20 percent. Sonu' 
treating f)lant.s allow for this “initial abHori)tion,” and (h'duct 
10 per(;ent from the total amount of pia'servative to be forc(!d 
into the wood after pre.ssure is applicxh* There is no satisfa(!tory 
way of det(!rmining just what this initial ab.sorption will be, and 
it must be work(!d out through experience at each plant. The 

* Some treating engineers claim that blowing the j)reservative out of tlic 
treating cylinder into the mea.suring tank also blows sonu! of the pre.serv.a- 
tive out of the wocnl, espcaaally if it is porous. As sliown al>ove (.see “final 
air pre.ssure”), this is quite likely to occur. 
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volume of sawed timbers can usually be determined with suffi- 
cient accuracy by direct calculation. 

Expansion of Creosote. — Creosote expands consideral)ly when 
heated, averaging; about 1 percent for every 22 1/2° F. rise in 
temperature. It is frequently run into the treating cylinder at 
about 200° F. and its temperature invariably falls from 10° to 00° 
wluai it strikers the timber. Unless brought back to its tempera- 
ture at entrance this contraction may be charged against absorp- 
tion. Similar errors will be introduced in taking tlie final reading 
of absorption wlnm the height of the oil in the measuring tank 
aft('r the treatnnait has beem complected is subtractc'd from the 
height before trc'atment, unless the tempe-rature at both times is 
the same. It is important, therefore, to keep the temperature of 
the oil as nearly constant as possible (with no greater variation 
than 20° b\); or, if this cannot be done, to correct for temi)ora- 
ture errors by using the projx'r coeffiei(mts of expansion. For 
zinc tr('atments and others of a similar nature such correelions 
need not l)e nnuh^. 

Expansion of the Cylinder.— When hot creosote enters the 
comparatively cool treating cylinder it i)roduces an expansion of 
the imdal, which is further augmented by an internal pressure 
often as high as 1 75 imunds p(cr square inch. For ae ylinder made 
of 3/‘l‘i*^eh boiler steel, 7 fe(d in diameter and F12 feet in 
length, this increase in volume may amount to about 18 0111)10 
feet, equivalent to an absorption of about 1187 pounds of 
preservative. 

Compression of the Oil and Wood. — When pressure is ap- 
plied to creosote the oil is compressed. At most, however, this 
can produce only an insignificant (‘rror, sineic creosobc under 
ordinary opc'rative conditions comj)resses less than one-tenth of 1 
p(a’C(mt. The (Tror due to the com|)ressil)ility of the wood is also 
insignificant. Some tests were made at the U. S. Forest Prod- 
ucts Laboratory in which 20 pieces of green red oak and black 
oak, 2 by 2 inches in cross section, were tested in a 100, 000- 
pound machine, the load being applied radially and tangentially. 
The average modulus of elasticity was 50,875 pounds per square 
inch. Disregarding the longitudinal dimension, the volumetric 
compression due to an exterior pressure of 200 pounds per square 
inch ranged from 0.51 to 1.30 percent, or an average of 0.80 per- 
cent. This compression is probably much in excess of that which 
takes place in practice, since when wood is submerged in a 
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preservative fluid tli(‘ pressure is applical from all direct ions, 
Furtliermort', at l(‘ast a j)art of tliis jiressure is tninsinitfrd (o 
tile interior. It would seiaii. then'fore, f liat tlu? deenvise in Pk- 
volunie of wood under^^oin*’: trcntmrtit, (hiv to the pivssuiv 
exerted on it, can he entirel,y disre^^arded. 

'‘Kickback of Preservative. Wlnai pn‘ssun‘ is applii'd (o a 
cylinder charge, the oil, wood, and air confiiu'd in the wood.irt' 
under coinjui'ssion and tin' cylind('r is undi'r tiaision. If th(‘ prcs- 
sur(‘ is nFaiscd a eiadain amount of th(‘ pn'siu’vat iv(‘ will Ix' forci'd 
out of tlu' cylinder, although it nniains constantly full. The 
ainount of pri'sia-vativc; thus forci'd out. will Ix' calh'd tln^ “kick- 
hack.” ll varii's with m.-my conditions, and unh'ss providi'd 
for may result in ('rrors of nw'asureinent for ahsorption of fi'oin 
10 to do pc'rci'iit. In tin' treatment of air-si'asoiu'd ri'd oak and 
maple tii's at tlie 1'. S. Fori'st Products Lahoratoiy hy I In* fidl- 
(•('11 jirocess it was necessary, after (he desired ahsorption laid 
Ix'en ruaidu'd, to allow from ‘20 to 00 perc('nt for the oil which did 
not remain in the ties. 

To secure data on the variability of the " kicdvhack ” a careful 
series of t(!sts was run on 00 pic'cc's of air-dry loii^leaf pine, d'hesi! 
were (;ut 2 iiudies hy A inches hy 1 fe(d, matched, divided into 
three groujis of 12 eacli, and treated in tliree different runs in a 
cylinder ajiproximately IS imdies in dianu'ter and 1 feet lon^. 
In all cases the drip was stoppl'd when itamounted to less than 
1/2 pound of creosote in a half-hour period, d'he runs wen; 
made as follows: 

Run 1. — No jireliminary or final vacuum was usi'd. Tlx; 
cylinder was filled with creosote in 0 minutes and (he oil raised 
to a (eni[)erature of IStP P. A pressure of 120 jxmnds per 
square inch was immediately .apfilied and lu'ld for 7 minutes. 
The pressure was t hen released throU}!:h the top of the cylinder 
for If) minutes, after wliich (he cylindiu’ was drained and the 
wood iiermitted to drij) for 121 minutes, when it was removed 
and weighed. 

Run 2.- After the wood was placi'd in the cylinder a prelimi- 
nary vacuum of 25 1/2 inchi'S was held for 15 minutes, the tot.d 
vacuum |)eriod amounting to 22 minutes. Without breaking 
the vacuum the cri'osote was then drawn into th(^ cylinder, thi^ 
operation consuming 5 minuti^s. The tianixu’ature of the creo- 
sote on entering the cylinder drof)pe(l to 125° It was raised 
to 181° I’, in 12 minutes, when a pnissure of 120 pounds i)er 
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square inch was immediately a])|)lie(l atid held for 3 minutes. 
The pressure was then releasc'd for 10 miiiuh's thi-ou»h the top 
of the cylinder, after which the cylinder was draiiu'd and the 
wood permitted to drip for 7d minutes, wIk'h IIk' charge' was 
removed and wei^»li(‘d. 

Run 3.“ A preliminary air ])ressure of oO pounds p('r s(iuaro 
inch was immediately apj)lic‘d and held for lo minutes, aft('r 
wliich the oil was pumped into the eyliinha- against this jna'ssure, 
the o])eration takinj^ about 10 minutes. Tiu' teinixTature of the 
oil on enti'riii”: the cyliud(U’ drop])ed to loO” \\ It was tlum 
raised to 180° F., consiimi!!};' 9 minutes. During tlu' lu’alinK 
jaaaod tlie pre^ssure in tln^ cylinder vari('d Ixdwcx'n oo and 70 
pounds ])ei' square ineh. As soon as th(‘ oil rea(‘h('(l 180° F. a 
pressure of 120 pounds pi'r scjuare ineh was applii'il and lu'ld 
for 78 minutes. ''Flu^ pia'ssun' was then la'lea-^f'd throuidi tlu' 
toj) of th(M‘ylinder for 14 minut(‘s, .aft(‘r which the eyiinder was 
drained and the wood permitt('d to drip for 128 minut<‘s, when 
the char}j;(^ was nunoved and W('ij»ln'd. 

The n'sults of th('S(‘ runs are ^iven in Table 7. It will ])e s('en 
that the ‘‘kickback” was h'ast wlnui a preliniinary vacuum was 
drawn, and ^reatc'st when the cylinder was first lilh'd with com- 
pressed air.^ Similar results werc^ seeuia'd on full-si/.(Ml ties, as 
is shown in Fi^s. 12 and 14. 

To illustrate the i)ossibl(' sourc'e of error through this “kick- 
back” on tlu^ release of pressiina siqqiose, for (^xanipha it amounts 
to 20 percent, and the s])eei(ications call fora, lO-pound per cubic 
foot inje(;tion in cross-ti('s of 4.5 cubic had each. If tlu' “kick- 
back” is disi'('}z;arded and the punqis kejit runnin.ii; until the ^•auj^es 
show an inji'ction of 10 pounds p<'r cubic foot and tlu' pii'ssure is 
tben ri'leased, only 8 pounds ])('r cubic foot will b(‘ h'ft in the ties. 
If, on the other hand, tlu) “kickback” is considered, I lam (he 
pumps will be k('i)t rimnin^ until the <i;au};('s indicate an alisorp- 

^ When tlio ])rolitnin;iry v.-icmnn was drawn, only :» minuli'S of oil ]in'ssnr0. 
\v('ro rc'(]uire(l to force 12. o j)oiindsof oil per enliie. foot info (lie wood, but 
when the cylinder and wood weri' first filled with eoinjiri'.ssi'd air it took 78 
aiinutes to foriu; 12 pounds of oil [ler eiiliii; foot into tiie wood, d'hat (he 
preliminary vae.uum naulered it c'asier to force the preservative into the 
wood is therefore apparent. Afti'r the run the sticks wi're split and the 
petK'tralion in run d wa..s found to he slightly ,u;r('ater (liaii in runs 1 aiul 2. 
f urthermore, the sticks in run 4 wi're treated more uniformly than in the 
ether runs, espi'cially run 2, in which the peiK'tration and absorption were 
very irregular. 
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tion of 12.5 pounds per cubic foot, which 
on the rel(‘ase of pressure will leaver lo 
pounds per cubic foot in the tics, if 
this “kick-lmck’’ is released through an 
iiinhT^rround tank or some measuriiifr 
tank oth(‘r than the one used durinfr 
treatment (and this is a common prac- 
tice), the chances for error in nn'asiir- 
in^^ the absorption are increased. 

Expansion of Wood. — Another pos- 
sible source of error in measurini>: ab- 



sorption is the expansion of the wood 
due to raisini^ its temi)erature. Assuni- 
ini; the tlawmal coenicient of linear ex- 
pansion of wood, 0. 00001 per de^re(‘ 
Centii^rade parallel to the fitxT and 
0.00000 across the fiber* and that the 
wood is raised in temperature (Jtr ('. 
(140® F.) during treatment, then the 
increase of volume in a cliargc* of say SOO 
ties will be about 22 cubic feet, ecpiiva- 
h'lit to about 1,.‘180 pound of cn'osoti’, 
or 1.7 pounds per tie. If the wood is 
raised more than 00° C. in temi)eratur(‘, 
the volume increase will, of course, b(^ 
greater. 

Extent of Possible Errors. — The ex- 
tent of the various errors possible in 
measuring absorption may bt* illustrated 
by the following example: Assume tla^ 
treating cylinder to be 7 feet in diameter, 
132 feet long, and to hold a charge of 
800 7-inch l)y 9-inch by 8-ft. ties; as- 
sume also that 10 pounds of creosote 
per cul)ic foot are to bo injected into 
and left in the ties; that a pressure of 
175 Ib. per square inch is used during the 
treatment; that the oil in the measuring 
tank is maintained at 200° F. and is iii- 

’ Exporinuxits of (Jlatzcl and Villari: Sniitli- 
sonian phy.sical tables, 5th rev. ed., p. 223. 
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jccted into the wood at 180° F.; and that the normal tempera- 
ture of the cylinder and wood is 60° F. With all gauges work- 
ing perfectly, no leaks of any kind occurring, all air out of the 
cylinder when the oil pump is started, and the volume of the 
tics accurately known, the following errors may take place: 


1. Chargeable to contraction in the volume of creosote 

2. Chargeable to the expansion of the cylinder due to temperature 

3. Chargeable to the “kickback" (assumed to be 20 percent of the 

absorption) 

Total positive errors 

4. Cliargeable to the expansion of the wood 

Total in excess of apparent absorption 


Pounds 
per tie 

1.85 

1.35 

7.00 

10.20 

1.50 


Thus, out of a total specified injection of 10 pounds per cubic 
foot, or 35 pounds per tie, 8.7 pounds per tie may be forced 
into the cylinder, but either will not go into or not remain in the 
ti(is, constituting a total error of about 25 perc^ent. In plants 
operating with zinc chloride, item I may be eliminated and item 
3 will bo less than that given. 

Purity of the Preservative. — The composition of the preserva- 
tive is sul)ject to change so that check analyses of it should be 
made from time to time to see that it meets specifications. 

With creosote, the chief difficulty likely to occur is with the 
water content of the oil. Leaky steam coils, or snow or ice on 
the wood, or water in the wood are all liable to adulterate the 
oil with water. It is not necessary to remove all of the water 
but large amounts (over 5 percent) are objectionable and it is 
not good practice to allow for this l)y giving the timber a heavier 
injection. Proper procedure is to remove the water. T his may 
be done in some cases by allowing the oil to stand for several days 
in a tank,^ when the water may be drawn from the top of the oil, 
or by boiling off the water in tanks equipped with steam coils. 
In either case loss of some oil is almost sure to occur. 

It sometimes happens that the carbon content of the creosote 
will increase as it is used over and over again, so that timber 
treated with “old’^ oil will look much blacker than timber treated 
with ‘TreslP’ oil. The author has known of inspectors refusing 

* Some engineers alternately heat and cool the oil several times before 
drawing off the water. 
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to accept treated timber because it did not look “black.’' Froo 
carbon will not penetrate wood, has no preservative valu(‘, und 
detracts from the quality of the oil. About the only practical 
way to guard against too large a percentage of free carbon is to 
be careful in the purchase of the oil. 

It is also asserted, at times, that the eompo.sition of creosote 
changes because that j)()rtion of it which enters the wood and is 
then redrawn carriers with it .some of th(‘ soluble constituents in 
th(‘ wo(kI. While there is a possibility of its doing this, canbil 
t(‘sts have failed thus far to show any marked changes in the oil 
due to this cause. 

Solutions of zinc chloride* also need careful attention. Common 
|)ractice is to {)Iac<i a hydromete'r in tin* .solution and if it slnavs 
correct gravity to a.ssume the str(*ngth to la^ convrt. This pnir- 
ti(‘(* is subject to (‘rror Ix'cause foreigfi substances such as other 
inorganic salts or materials dissolved from tlu^ woexl may chancre 
the gravity. Some careful t(‘sts made* at the) U. S. Fe>r(*st Trod- 
ucts Laboratory leave also showai that the strength of a zinc- 
chloride solution may be change^el by .suce‘(*ssive treatments, the 
solution tending to we‘ake'n. 

Pollution of Streams. — ( h)mplaint has be'en maele against some 
tre'ating [)larits bexauise the?y peelluteel streaims with waste oil. 
This come's large'ly from the e:ylinelers and .st(*am e*xhausts. Of 
course, no plant is going to eledibeanite'ly waste preservative and 
it is believed that such cejinplaints can be) (‘ntire)ly avoiel(*d as they 
are indications of bad m.-inage'inemt. The) use of a hnal vacuum 
in drying the timber, and atte)ntie>n to ste'am cedis to se'e tliat tlu'V 
(If) not leak, will reme‘dy much of tfie ditlieulty. All drains c;ni 
be carried to a common s(‘ttling tank, where by a syste'fn of over- 
flow chambers arranged in the) tank practically no oil will e)scai)<'. 

Inspection of Treatments.— Controversi»‘s betw(*e‘n i)ur(diasers 
of treatf'd timlx-r and ope*rate)rs of treating plants over the in- 
sj)e)ction of treatnu'iits have been nee more common than in ot licr 
industrie!s which are) of ce)mparative)ly new gre)wth and wh(*r(‘ so 
many factors are involve*)!, but much neeelle)ss dis|)ute has oc- 
curred })ecause e)ne party or the* other has ne)t b(*en Huflicie)ntly 
trained to recognize* le)gitimate* de*mands. Attempts to ce)ve)r up 
fraudulent we)rk have, ejf course, been maeh) and probably will b(‘ 
as long as the industry e)xists, belt sueih case)s are dccieleHlly in tlic 
minority, for corrupt practice sooner or later bece)mes generally 
recognized and eventually kills it.se)lf. 
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Much of the trouble can be laid entirely on the purchaser, who 
frequently insists upon impractical specifications and unattainable 
results. It is the author’s opinion that considerable freedom 
should be given the operator as regards the details of the trc^at- 
ment, and that only a few essential features need be required. 
We will attempt to give here only those which are more important 
and applicable to general conditions. 

First, perhaps, comes the wood itself. It should be remem- 
bered that wood is a product grown under a wide variety of con- 
ditions and hence varies greatly in its structure. It is practically 
im|)ossible to get two pieces which are alike, and tluaefore speci- 
fications for wood should not be too stringent. It is reas()nal)le to 
expect, however, that only sound wood be furnished. In this 
connection, wood which is sap-stained should not be confus(’d 
with wood which is decayed. In specifying rings per inch, knots, 
crooks, tapers, etc., ca.ro should be exercised so that the speci- 
fKiations arc reasonable aiul do not require the ix'jection of large 
quantities of good material. As regards tlui kinds of wood, the 
specifications should recognize that tln^ same kind may go under a 
variety of names; hence nochance formisunderstandingshould be 
left. 

The composition of the preservative to be used should be clearly 
stated and also its method of analysis, and the ins])ector should be 
granted permission to take samples for analysis as oftem and from 
whatever source he pleases. Uecpiirenuaits in this regard can be 
made fairly rigid. 

The treating operator can also bo held to have Ids plant in 
fit condition for accurate work, and if considered necessary the 
ius))ec,tor can nu'asure all essential pieces of apparatus in orch'r 
to make sure tln^ dimensions fundshed are correct. Errors 
ill operation already described should lie recognized, so that they 
can be taken into account in making determinations of absorption. 
As for the treatment proper, the essentials to specify arii the maxi- 
muin temperatures to be used and the absorption of preservative 
required. This should ha final absorption, or the amount of pre- 
servative actually in the wood at the time it is removed from the 
cylinder, free from drip, llecause wood varies so, it should not 
be expected that all pieces are to have the same absorption, 1 hey 
may vary widely. In all cases, as deep and uniform a penetra- 
tion as possible should be required, and the inspector should 
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know what is possible before he attempts to |)ass judgment on the 
results. A complete penetration of all sapwood should always he 
secured and the spi'cifications should be so framed as to admit 
of this. AVoods which vary widely in their resistance to injection 
should not h(‘ treated in the same charge; neitln'r should the 
mixifig of green and seasoned wood in tlie same run be allow('d. 
In all cas('s the dilTmamce in th(‘ height of the prc'servative in the 
measuring tank before and after the treatment has been made 
should furnish the final basis for determining the absorption 
secured; or if seasom'd wood is trc'ated, the w(‘ights on the track 
scales should l)e us('d. Souna's of (a ror du(‘ to friction of gauges, 
differences in tempcTatures, (4c., should be' carc'fully considered 
in determining final absorption. 

The Cost of Pressure Plants. - The (*ost of pivssure plants is 
exceedingly variabh* even for plants of th(‘ siinn* ca|)acity. Any 
estimate, tln'n'fore, must lx* consid(*n‘d with a wide latitude. 
The variations in cost are due largc'ly to tin* type of buildings, 
tin* numb(‘r of f)rocess(‘s practis(‘d, tlx* yard layout, and local 
soil and surface conditions. 44ie author knows, for exarniile, 
of two plants with cylinders api)roximately (J f(‘et 2 inchc's in 
diameter by ld2 fc'c't in length, e(|uip})(*d to tn'at timb(*r by 
the same nn'thods, one of which cost $(>5, 000 and the other 
6170,000 complete. 

With tli('s(* vaiiations in mind, tin* following estimate of a 
2-(;ylinder plant with cylinders 7 fe(‘t in diam(‘t(‘r by 132 feet 
in length, e((uipped to treat by any standard proce.ss and of 
first cl.'iss construction, is giv(‘n: 


dVack uikI grading S:t.'),00() 

Itctorts with .-dl [)i|)ing insl.-illcd 18,000 

Tlircc l.V) 11. P. boilcr.s romplntn 4,000 

ScwfT.s 1 ^.f)00 

building.^ 80,000 

I’lunps (coin j)rc.s.sor, vaciintn, hydraulic, serviw) 5,000 

I’i|)irig, valves, (;oM)j)lc1(‘ 7,000 

Fire hydrants arxl (‘(piipriK'nt 8,500 

Fleet ric j)Iant complete 4,000 

Mis(;ellarieoiis j)l;uit. items 4,000 

One 12-tori hxromotivc; crane 4,200 

()ri(! dummy engim? 8,000 

(’ylindcr cars (190) 8,500 

Total $122,700 
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Through the courtesy of the Allis-Chaliriers Company, the 
author is able to give Table 8, which contains estimates of the 
cost of wood preserving plants of various capacities, d’he plants 
given in the table are arranged for either the Burnett, Wellhousc, 
Bethel, Bueping, Lowry, or Card process. In using this table, 
variations of at least 20 percent either way can be expected. 



CHAPTER VIII 


PROLONGING THE LIFE OF CROSS-TIES FROM DECAY 
AND ABRASION 

Selection of Species. — At the present time, practically any 
kind of tree which is large enough to make a cross-tic is used for 
this purpose. The result is a great variety of ties differing 
widely in their properties. It stands to reason, therefore, that 
the service obtained from ties must be very erratic. The diffi- 
culty now generally experienced by many American railroads to 
secure adequate supplies of good ties makes it impossible to be 
too stringent in specifying the kinds of wood which will bo used. 
If planting trees for ties becomes general, the question of proper 
selection of species will be a very important one, but at the pres- 
ent time this feature is recognized only in the price paid for ties 
and no special selection is made. 

Common practice now consists in dividing the various kinds of 
ties into two groups, viz., ties to be used without preservative 
treatment and ti(‘s to be treated. The former group includes 
tho.se woods which arc naturally durable, the latter those which 
if placed in a track untreated would decay in a few yeais. 

The ideal tie for use without treatment is one which is not only 
very resistant to decay but which is hard and will hold spikes 
and resist rail cutting without serious splitting or checking. Of 
our more common American woods, black locust and white oak 
best meet these requirements. Redwood, cedar, and cypress 
are very durable but arc inferior to black locust and white oak as 
regards strength. 

If the tie is to be treated, the prime qualities arc strength, 
hardness, and permeability. Red oak, maple, birch, beech, and 
elm bc.st fulfill these conditions. A large variety of other woods 
are, of course, also used, chief among which are the pines, firs, 
spruces, gums, hemlocks, chestnut, and tamarack. Irrespective 
of marketing conditions, the value of these woods for tie purposes 
depends directly upon their ability to meet the requirements 
just mentioned. In other words, a wood which is hard and por- 
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ous is more valuable for a “treatment tie” than a wood which 
is soft and resistant to impregnation, and should therefore com- 
mand a higher price. Maple, for example, is worth more for a 
mm-iie than white pine or spruce because, when treated, it will 
give better service. 

Unfortunately, conditions are still such in our country that 
many trees are cut for ties wiiich ought to be cut for more valu- 
able products such as veneer or luml)er. lllack walnut, cherry, 
and hickory are conspicuous examples. Where these trees occur 
scattered in forests or woodlots, it is often easiest to market them 
in the form of ties, but whenever possible, they should not be 
used for this purpose, as it results in a distinct economic loss of 
valuable material. 

Hewed Versus Sawed Ties. — Approximately 75 percent of all 
ties purchased are hewed. In the tie industry as a whole tlie 
methods of manufacture are undergoing no general or perma- 
lUMit changes. The probable reasons are that the raili’oads 
obtain, either directly or indirectly through tie companies, a 
liirge proportion of their ties from farmers and small holders of 
timber who cannot afford to saw them, and also because the im- 
portance of utilizing tind)er to the best advantage has not yet 
been keenly felt. Under certain conditions the sawing of ties 
may be impracticable, as when, for example, only a few trees 
suitable for cros.s-ties are available, or when ties are cut from tops 
of felled trees. In such cases it is much better to utilize the wood 
by hewing it into ties than to leave it in the forest. The claim 
is often made that hewed ties are more durable than sawed ties 
because they shed water better. Nothing is known by the U. S. 
Uorcst Service to substantiate this impression. Iwen if untreated 
hewed ties should be more durable than sawed ones, this advan- 
tage disappears when the ties are treated. On the other hand 
there are many serious objections to the use of hewed ties, and 
these will increase in importance in direct proportion to the num- 
ber of tics treated with preservative. Chief among these objec- 
tions are (1) unequal bearing afforded tic plates and rails, (2), 
lack of uniform volume, and (3) unnecessary waste of valuable 
material. 

Bearing Afforded Tie Plates and Rails.-- The heavy tonnage 
on American railroads necessitates the use of some form of tie 
plate on practically all first-class construction. Hewed ties 
seldom offer a uniform bearing surface to the plate or rail, and 
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unJess .specially adzed before pJaceineiit soon wear unevenly and 
must be r(‘mov(Hl. An inspection of test ties on the Cliicai^n) 
& Nortli western track showed in many cases that one cdp;e of th(' 
plate had cut into the tie to a depth of over 1/2 inch, while 
tlic other ed^e was not even flush with the surface. With sawi'd 
ti(\s tlie beariiijr over tho surface is more uniform and rail cutting 
is considerably reduced. Tlu; introduction of tie-borinjr aiid 
adzing machines is doing much to improve the l)eariiig of plates 
on the ties and should cut down mechanical wear appreciably. 

Uniformity in Volume.- -Since tie inspectors offer no objec- 
tion to, but rather favor, ties of greater dimensions than thos(' 
specified, the tie manufacturer larely hews a large log to tlie 
standard size. Thus the cubic content of hewed ties may vary 
from that of the uniform dinnmsions atlow('d to about twice the 
size specified. Practicall}'^ all contracts for ti’f'ating ties stat*' 
that so much pre.servative shall l)e injectcMl per cubic foot of 
wood. With liewed ties no treating plant knows accurately 
what this volume is until aft(‘r the ti(‘s have been treated. To 
obtain the total (piantity of preservative to l)e used, it is custom- 
ary to figure that a tie will contain a c(*rl;iin amount of wood, 
and to multiply this figure by the number of ties and the aniount 
of presei vat ive to be injected per cubic foot. For example, to 
figure the amount of crc'osote needed to treat 1000 cros.s-ties 
0 inclif's by S inches by 8 f(‘et with 10 pounds of oil per cu])ic foot, 
the calculation would bo 1000 X 2.07 X 10 = 20,700 pounds. If 
the hewed ti('s average 3.2 cubic fia't, though figured as of 
standard size, the total amount of pre.servative would be the 
same, viz., 20,700 pomids, but the amount p('r cubic foot would })C 
only 8.3 pounds instead of 10, as specified. Hawaal ties are cut to 
more exact dimensions, and errors of this kind are improbable. 

Waste of Material, — To hew a ti(; neccs.sarily entails an enor- 
mous wast.(? of material. Ha.sed on actual field data the wa.ste 
by hewing vari(*s from 2.5 to 7.5 percent ‘ (Fig. 17). Logs 1,5 
inches in diameter furnisl), as a rule, only one hewed tie, but if 
sawed they furnish two. Wlnmever possible the tie hewer selects 
tr(;es of about 12 or 14 inclu's in diameter. The waste of wood 
each year in the United States from hewing tics amounts to about 
285,000,000 cubic; fec't, a quantity equivalent to about 80 percent 
of tin; total amount of pulpwood used in the United States in 

» IJ. 8. Foro.st Service liulletiii 64, “Loblolly Pine in Eastern Texas, with 
Special Reference to the Production of Cro 38 -tie.g,“ by Raphael Zon. 
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1000. This is an absolute waste, as it is not ev(‘n used for fueJ. 
(Sec Plate XIII, Fig. A.) 

Form of Cross-ties. — Practieally ail of the woodcMi cross-ties 
now used on steam railroads in the United States are n'ctangular 
in cross section. Their size is by no means uniform, varying in 
width from 6 to 10 inches, in depth from 0 to 7 inches, arid in 
length from 8 to 9 f(‘et. These ti('s are somet imes <*ut either with 
a saw or axe on all four sides (see Plate Xill, Fig. ]?), in wliicli 
case they are said to be “squared.” In many case's only tlie top 
and bottom are cut, leaving the sides the natund sliapeof th(' tree'. 
Wlu'u thus made fi’om small tires the tie's ai-e ca He'd “polo tie's.” 
In Fureipe a large numlier of ties are cut larger on the liase than 
on the top anel are commoidy irfenrd to as “half lounel ties.” 



l|io. 17.— lelcal economy in manufacturing a cross tic. .1 = tic 0 X S 
= hoard 7 inches wide; C. C. = hoards T) 1/2 iimlu's wide; D = 
i>oar{l •11/2 inches wide; E = hoard 7 1/2 inclees wide; F = hoard 3 inches 
'VKte. (Diagram courtesy of the For(;st Service.) 

^uch tics are also used to a limiteul ewtent in our country. (Se'o 
1 late XlII, I'ig. C.) One railroad uses a form of tie which will 
oconeunize in timber by cutting the'in triangular. (8e'e Plate 
XIII, I ig. D.) It is believcel that the form of cross-tie's, especially 
‘IS legards the distribution of the sapwood on them, is very im- 
portant and an item too freupiently overlookeel in track con- 
struction. It is just as logical to specify Imw ties to be treated 
«hall be sawed or hewed as regards their saiiwooel 'content and 
ds distribution, as it is to specify a difference in ])ricc due to 
a eliffeironce in the kinel of wemd. Exe'eptions eff ceiurse occur, 
as, for example, in those ties whose heartwood treats as easily 
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as the sapwood. Sapwood is easy to impregnate with pre- 
servatives, while the heartwood is generally very resistant. 
This difference in the resistance to treatment between the sap 
and heartwood of the same tie is often very much greater than 
the difference in treatment between two ties of widely different 
varieties of wood. In certain species like the red oak, hemlock, 
and the ash, this condition is not true, but in the majority of cases 
it is. With most ties composed of part heart and part sapwood, 
when placed in a cylinder and injected with a preservative, most, 
if not practically all of the preservative will go into the sapwood. 

A 

□1 

D 

13 

a 

□ 

Fig. 18. — Showing the character of the prc.scrvativo treatment in ties prop- 
erly and improperly manufactured. 

To secure best results it is of considerable importance, therefore, 
to specify how this sapwood should be distributed. The best 
kind of cross-tie intended for treatment is one which has a uniform 
distribution of sapwood on all surfaces (Fig. 18 C). A tie of 
this kind can be very efficiently protected against decay. Un- 
fortunately, only a comparatively small number of ties are of 
this kind, and even those that are, are usually of low crushing 
strength. By far the largest percentage of ties now used are 
composed mostly of heartwood or needless sapwood, as shown in 
Fig. 18 A and Fig. 18 B. When ties of this kind are treated accord- 
ing to the ordinary run of specifications, practically all of the 






Plate XI li 



Fkj. a. — M ethod of hewirifj; <):>k 1i('H in ''lVnness(‘e. Note waste. (Lorest 
Serviec photo.) 



Pig. B. — llectaiigular cros.s-tie.s — standard form in the United States. 

(Facing page 132.) 




I'lG. C. Standard Prussian ties of Baltic pine. (Forest Service photo.) 
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preservative will go into the sapwood, leaving the heart faces with 
only a superficial penetration. The greatest wear on a tie comes 
on its face immediately under the rail or plate. This is the por- 
tion which should have the greatest and not the least protection 
against decay, as now generally occurs due to the present methods 
of manufacture. If tics of the type shown in Fig. 18 A and Fig. 
18 B arc treated, they can unquestionably be made to absorb the 
amount of preservative specified — say 10 pounds per cubic foot— 
but most of the preservative will l)e in those portions of the tic 
where it will do the least good. If, now, these ties were sawed 
as indicated by the dotted lines in the sketch, it would be possible 
to secure just as long a life from them with a much less consump- 
tion of preservative. 

For example, consider a modern treating plant having an 
output of ap[)roximately 800,000 ties per year: If the ties are im- 
pregnated with 10 pounds of creosote per cubic foot, the oil cost- 
ing 6 cents per gallon and the ties containing approximately 3 
cubic feet, the total amount of the oil used would l)e approxi- 
mately 24,000,000 pounds. If, now, the ties had been cut as indi- 
cated in the sketch, it would be possible with a eonsumi)tion of 
about () pounds of creosote per cubic foot to protect them as 
effectively as witli 10 i)ounds in the former ease. This would 
result in a net saving of approximately 4 pounds per cul.)ic foot 
or 12 pounds per tie, equivalent to about 9 cents per tie for cost 
of preservative, or $72,000 in one year’s operation. 

There arc other ways in which this point could be argued. 
For example, if this unnecessary sapwood were removed, could 
not the life of the tie be increased over what it would have been, 
provided the quantity of oil injected in both cases remained the 
same? A company would be justified in paying more for prop- 
erly sawed ties intended for treatment than for ties which are 
improperly sawed or hewed, especially when the treatment is one 
using straight coal-tar creosote. It is the author’s opinion that 
roads using this method of treatment could very well afford to 
insert another clause in their specifications for cross-ties, concern- 
ing the amount and distribution of sapwood, and even go to the 
extent of paying a higher price for ties in which the sapwood was 
properly distributed. They would thereby save an appreciable 
item in the cost of treatment. The roads which do not use- 
treated ties or which adhere to a zinc treatment would not bo 
benefited to the same degree by a requirement of this kind. 
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Such procedure would simply be a step in advancing the increased 
efficiency with which cross-ties can be utilized, with a view to 
decreased cost in track maintenance and operation. The diffi- 
culties in putting it into practical use would, in some cases, be 
unsurrnountable, but where conditions of production are such 
that a requirement of this kind could be employed, it is believed 
its adoption would unquestionably result in decided profit. 

In Fig. 18, A, B, and ('. represent the cross sections of three 
ties, the shaded portion being sapwood and the white, heart- 



wood. The dotted lines show how these ties could be improved 
by slabbing the sides. 

If impregnated with creosote, the; ties would appear as in Figs. 
18 D, E, and F. Note the heavy impregnation on the sides and 
the very slight impregnation on the faces in Figs. 18 D and E. 
Figs. 18 G and H show ties A and B slabi)ed on the sides and then 
impregnated with creosote. Note the even distribution of the 
preservative and the heavier injection on the faces than in D and 
E, thereby giving greater protection to the tie where it is most 
needed and at the same time consuming less of the preservative. 

Stacking Ties for Seasoning. — Different kinds of wood and 
climate require different methods of piling. The closer the ties 
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are piled the slower will be their loss in weight. In no case should 
more than two ties in a pile come in contact with the ground. 
The most open form is the triangular one, which can be rapidly 
made and is well adapted for use along the right of way. It 
should not, however, be used for many hardwoods cut in summer, 
since these will check badly. Good forms of piles are the 7 by 2, 

7 by 1, and 8 by 1. (See Plate XIV, Fig. A.) These are well 
adapted for softwoods and for most hardwoods cut in summer. 
They are easy to build and permit of free circulation of air. 
When it is desired somewhat to retard the rate of drying, the 8 
by 2 or the 10 by 1 form should be used, or if these are still too 
open, the 7 by 7 form. An advantage of the 7 l)y 1, 8 by 1, 10 
by 1, and similar forms is that no tie lies flat on another, thus 
giving an easy run-ofT for rain water and a free circulation of 
air. In practically no case should untreated ties be piled solidly 
9 by 9, since such forms are exceedingly inelhcient in regard 
to seasoning and invite decay. The elTect of the form of piling 
upon the rate of seasoning is shown in Fig. 19. 

Though the U. S. Forest Service has made many tests to de- 
termine the effect of different forms of roofs on the seasoning of 
tics, the data secured arc not conclusive. However, a slanting 
roof of ties is fairly efficient in shedding water, and when not re- 
quiring too much additional la])orcan be employed advantage- 
ously. 

Ties cut from conifers are less likely to check during seasoning 
than tics cut from broadleaf trees, and in consequence can be 
piled more openly. 

If ties are seasoning too fast they should be piled closer to- 
gether (see Plate XIV, Fig. B);if seasoning too slowly they should 
be piled more openly. Ties cut in winter can bo piled more 
openly without danger of checking than tics cut in summer. 

The length of time ties should season before treatment will 
vary primarily with the species of wood, form of pile, and period 
of the year. In general, ties cut in spring and summer will be 
seasoned sufficiently for treatment by the end of the following 
autumn; ties cut in early spring will be seasoned sufficiently by 
the following early autumn; the seasoning period varying from 
about 2 to 4 months. Ties cut in autumn and winter will be 
sufficiently seasoned by the end of the following spring, the period 
varying from about 5 to 8 months. The periods necessary 
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to season dense ties like the oaks will generally be from 2 to 
3 months longer than those just given. 

Figs. 20 and 21 illustrate these conditions; Fig. 20 reiu'csenting 
red gum ties which season very rapidly and Fig. 21 red oak ti(‘s 



Fk;. 20. — Ilutc of seasoning of red gum tics. 



which season slowly. Both figures show the accelerated drying 
in the warmer months and the retarding action of winter. 

Grouping Ties to Secure Uniform Treatment.— The importance 
of properly grouping ties before placing them in the treating 
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cylinder cannot be overemphasized. If ties offering unequal 
lesistance to penetration are treated at the same time, those 
offciing the greatest resistance will take practically no pre- 
servative, while the others will get it all. Conse(piently, if ties 
so treated arc placed in a roadbed, the ones heavily injectc'd will 
outlast the others and the wear on the track will not be uniform. 
I'urthei’inore, when the ties imnhapiately treated decay, tlie load 
which should be borne by them will be transbuTed to the sound 
ones, hastening their mechanical d(\struction. Thus much of the 
j)rescrvative will l)e wasted, since tlu're is no economy in ))ie- 
serving ties from decay aft(‘r tiny have Ix'en worn out. The 
aim, therefore, should be to have the ties depreciate uniformly, 
and this can largely l)c brought about lyy grouj)ing them in such 
a manner that they will receive e(|ual amounts of the j)rescrvative 
uniformly diffused. Many tie plants already realize the import- 
ance of grouping, and consider the addeil e.xpense more than justi- 
fied by the results secun'd. 

The cliief factors which determine the ease with which ties 
nniy be impregnated are (1) tlie species of wood, (2) ])ercent of 
sap and heartwood, (d) moisture content. The less important 
are conditions uinhu' which seasoned, time of cutting, and con- 
ditions of growTli. 

Species of Wood. — It has been explained in (’ha})ter III that 
the species of wood differ greatly in their physical propei ties and 
that this diff(*renco accounts in a large nnuisurc for the variable 
results secured in preservative treatments. 

Interesting experiments on 20,000 ties to ascertain the absorp- 
tive j)roperties were inad(‘ by Mr. V. J. Angier in 1908 09 at the 
treating plant of the Chicago, Burlington & Quincy Bailroad, 
using the zinc-creosote proc('ss. The results are summarized 
in Table 9. 

Class A includes ties absorbing less than 22 percent of their 
volume; Class B, tics absorbing between 23 and 30 percent; 
Class C, ties absorbing more than 30 percent. In all cases the 
ties were kept in the cylinder until no more preservative could be 
forced into them. With hardwoods, such as oak, hickory, ash, 
beech, etc., the pressure was 175 pounds, but with softwoods 
Ihis was reduced to from 125 to 150 pounds per square inch. In 
both cases the pressure was held for from 2 to 5 hours. No sepa- 
l ation of the tics was made on the basis of their proportion of sap- 
wood and heartwood, but about 75 percent of them were hewed. 
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Table 9. — Absorption of Preservative by Various Species of 
Cross-ties^ 


Class A 


Kind of wood 

Number 
ties used 
in the tests 

Absorption 
percent 
of volume 

21.8 

20.9 

20.7 
19.5 

18.8 

17.1 

14.2 

Number 
mouths 
seasoned 
in yard 

Beech 

Oak, red 

Hemlock 

Oak, pin 

Hickory 

Tamarack 

Oak, white 

2,481 

8,1 12 
1,364 

671 

414 

2,329 

731 

15 

6-15 

8-15 

10 

2- 8 

0- 8 

7 

Clas.s B 

Hard maple 

691 

28.3 

15 

Popular 

1,348 

26.8 

7- 9 

Sycamore 

364 

26.6 

7 

Ash 

318 

23.0 

2- 6 

Sweet gum 

928 

23.0 

5- 9 

Chestnut 

345 

22.6 

12 

('LAS.S C 




Shortlcaf pine 

2,192 

36.9 

5- 9 

White elm 

872 

30.6 

7-15 

Cypress, white 

662 

35.4 

00 

Red elm 

626 

34.9 

6- 9 

Soft maple 

599 

33.1 

6 

Red birch 

775 

33.0 

0- 9 

Tupelo gum 

790 

30.7 

8 


Proportion of Sapwood. — As has been stated, the sapwood of 
practically all woods native to the United States readily absorbs 
preservatives. The hcartvvood, however, is much more resistant, 
so much so in some cases that no elTcctive treatment is possible. 
Two hundred maple ti(‘s thoroughly air seasoned (the moisture 
content ranging from 24 to 39 percent) were treated by the full- 
cell and Burnett j)roces.ses at the U. 8. Forest Products Labora- 
tory. It was found that of the ties given a full-cell treatment, 
those containing 43.7 percent sapwood absorbed 10.48 pounds of 
creosote per cubic foot, while those containing 82.7 percent of 
sapwood absorbed 17.40 pounds per cubic foot. In the Burnett 
treatments the difference was not so pronounced. Ties contain- 
ing 40.2 percent sapwood absorbed 19.7 pounds of solution, 

‘Proceedings of Wood Preserver’a Assn., 1911 
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wliile those which contained 80.5 percent absorbed 22.5 pounds. 
Jk'caiise of this difference in the absorption by sapwood and 
heartwood, ties wnich contain large amounts of sapwood should 
1)0 treated separately. Differences in absoi-ption by ties of the 
same species, but with varying proportions of sapwood, are 
often greater than in the case of widely different species. If the 
ti('s are “polc’^ ties, it will be found that those of certain species 
almost invariably fall in the same class when graded with refer- 
ence to the percent of .sapwood. Tln^ grouping will be approx- 
imately as shown in Table 10. 


Tablk 10.— Classification of Polk Ties Ba.sed ox Tiieih Safwood 
Content 


,, T I Oroup II 

Group I ! , . . , . . 

. , . , , . ; Sapwood I inch to 21 iiicho.s 

ood 1 inch or less in i .* . , , , , V 

in width (nior»' than 20 |k:t- 

cont, but k'ss Ilian .'lO iht- 
cent of volume of tie) 


Sap’ 

width (leas than 20 ikt 
cent of volume of lie) 


Oaks. 

Douglas fir. 

f-lodar. 

Chestnut. 

Tamaraok. 

Iloinlock. 

Spruce. 


I Ixuighatf pint'. 
White pine. 


Hard inapli'. 
White elm. 
Red elm. 


Group III 
.Sapwood over S inchea wide 
(more than 50 ficrcrmt of 
volume of tie) 


Short leaf pine. 
Ixiblolly pine. 
Western yellow pine, 
(’ypro.ss. 
j.rt)<lgepole pine. 
Tupelo gum. 

Red gum. 
iSyeamore 
Poplar. 

Soft maple. 

Rod liireh. 

Hickory. 

A.sh. 

Beech. 


This grouping docs not, however, in all cases accurately rep- 
resent the relative resistance to penetration of the various 
Hpecies. For example, red oak, becau.se of its porous nature, 
()an readily be penetrated to the center, and thus, in spite of its 
f)oniparatively small amount of sapwood, would be grouped with 
ties of a structure resembling the elms. Also, the sapwood of 
soft maple, hickory, ash, and beech is more resistant to treatment 
than that of the other species mentioned in Group III. 

If ties are cut from logs larger than 12 to 14 inches in diameter, 
as is usually the case with sawed tics, the percentage of sapwood 
r^^ay range from zero to the maximum shown in the table; hence 
the grouping of such ties may be different from that given. For 
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oxiirnplo, shortlcaf pine ties cut with little or no sapwood would fall 
ill Group Tl, hard maple without sapwood in Group 1. Sapwood 
can be distin^juislied from heartwood by its difference in color, and 
it is as a rule easy to separate ties into groups according to tlndr 
sapwood content. Such a separation will undoubtedly assist 
in a piojier grouping of ties for treatment, but before this group- 
ing can definitely be decided upon as the best, considerably more 
experimenting will be ne(‘essary. 

Moisture Content. — Wlnm ties are green the cell walls and 
many of die cell spaces are filhal with wafer. To properly inject 
a preservative, at least a part of this wati'r must lie remov(‘d, and 
the extent to which it lias been removed governs tin* amount of 
preservative which can lie injectial. It is important, therefori', 
that all of the ti(‘s to b(‘ tnaited at on(‘ tiim* sliould have approxi- 
mately th(' same moisture content. One of tin' most practical 
ways of insuring this is to pile the ties in the yar<l and thoroughly 
air-season them. 

The conditions und(‘r which ties season elT(‘ct the uniformity 
of the treatiiKMit. Ti(‘s .seasoned too rapidly are likely to “case- 
harden,” which makes them more difhcult to impregnate and 
affects their stn'iigth. Moreovau*, whetlu'r ties are si'asoned with 
the liark on or off afb'cts the treatment. It is good practice' to 
season all ties to Ix' treated in one charge under the same condi- 
tions. 

Cutting Season.^ — The time of year the th's are cut akso affects 
the unifojinity and degree of tn'atnu'iit. Seve'ral traniloads of 
hemlock tie's cut in the summe'r, fall, anel winter were fir.st air- 
seasoned anel then treateel with zine^ e-hloi-ide, with the results 
shown in Table 1 1. 


Tahle 11. — Kkfect of the Season of (’uttixo on the Ah- 

SOIIPTION OF PitESEIlVATIVE 



j)cr foot 

AvorivKf iibnorption of 


boforo tn-ufmont 

.solution jxT cubic foot 


Foil ri( I.S 

Pounds 

Summor .... 

i 

12.9 

Fall 

.... m.2 

10.0 

Winter 

:i7.ri ! 

8.9 


It i.s probably safe to say that, aside from moisture content and 
case-hardening, the effect of the time of cutting on the penetra- 
tion and absorption of preservative can be neglected in commercial 
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work. Good practice consists in cutting all ties in winter or late 
fjill whenever possible. 

Conditions of Growth. The arrangement of the cells in the 
same species of wood grown under dilTerent conditions may differ 
to such an extent as to cause variability in the results of the treat- 
ment. When that is the case, tlui ties should be grouped sepa- 
rately. For example, a plant receiving red oak ties from the 
South may find it advantageous to group them separately from 
those received from the North. Moreov(‘r, ties cut from various 
jiarts of the tree treat differently. 

Although the above considerations sound very complicated, 
they are not difficult of practical execution. It goes without say- 
ing that the careful grouping of ties for treatment costs more 
than not grouping them, but there is no doubt but what it will 
far more than pay in the long run. This is particularly tru(' for 
treatments with creosote where the amount of preservative 
forced into the ties is not the maximum amount they will a})sorb 
but the amount called for by the specification. Grouj)ing is 
least essential when the ti(*s are impregnated with a solution of 
zinc chloride, which can be forced into them until there is no 
more absorbed or until the point of refusal is reached. 

Protection from Abrasion. — It has been estimated tliat from 
10 to 75 percent of unprotected ties fail by rail and spike cutting;' 
the former figure referring to hard, quick-decaying ties like maple, 
the latter to durable, soft tics like cedar. Since the number of 
treated tics is increasing annually, this percentage will also in- 
creiise rapidly unless improved methods of fastening rails are 
generally adopted. Already the amount of preservative injected 
into ties is in some cases reduced because it is claimed to be more 
than is necessary to prevent decay throughout their mechanical 
life. With increased mechanical life of the tic the efficiency of 
the preservative treatment may also be increased. 

The most practical means of reducing the mechanical de- 
struction of tics are through the use of tie-plates and improved 
forms of spikes. 

Tie-Plates. — Tie-plates are designed primarily to (1) distribute 
the impact and compression of trains over the tie; and (2) absorb 
the grinding action of the rail. 

If the tie-plate is too light it will soon buckle, or if its bearing 
surface is too small it will become embedded in the tie. In 

'Proceedings A. R. E. and M. of W. Association, Vol. 9, 1908. 
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either case the value of the plate is reduced. It is essential, there- 
fore, to use plates that are strong enough to stand the pressure 
exerted on them, and that have sufficient surface area to properly 
distribute the load. Failure to meet these conditions will ul- 
most invariably result in severe mechanical wear on the tie. This 
is shown in Plate III, Fig. A. 

Many forms of tie-plates are now on the market, but in general 
plates may be divided into two groups (1) Pronged or ridged 
plates; {2) flat plates. 

In the opinion of some engineers the tie-plates should be so 
firmly fastened to the tie that they really become part of it. 
To secure this condition, the bottom of the plate is pronged, 
ridged, or flanged. (Sec Plate XIV, Fig. D.) Plates of this tyi)e 
were used in test ties on the Northern Pacific and Chicago and 
Northwestern experimental tracks laid in cooperation with the 
U. S. Forest Service. Although they have not been in service long 
enough to show their real worth, the following points were observed 
during recent inspections. When the plates are heavily ridged, it 
takes a very heavy load to embed the ridges and bring the plates 
down flush with the tie. In the Chicago and Northwestern track, 
even after 2 years’ service, the majority of the ridged plates were 
elevated about 1/4 inch above the tie. This was due in part to 
the resistance offered by the ridges to embedment in the wood 
and in part to sand and gravel which collected under the plate; 
also, to the fact that the traffic over this portion of the track is 
now very light. After these plates become firmly embedded they 
have a tendency to split open the ties, and thus not only weaken 
them, but furnish catch basins for the retention of rain water. 
In ties which are difficult to impregnate with preservatives, these 
checks may extend beyond the zone of treated wood and thus 
expose the untreated interior of the tie to decay. Another char- 

^ Wooden plates have also been used experimentally, and are being tested 
by the U. S. Forc.st Service in both the Chicago and Northwestern ami 
Northern Pacific tracks. The plates arc made of creosoted oak and maple, 
about five- eighths of an inch thick, 8 inches long, and as wide as the base of the 
rail. They are inserted between the tie and the rail without any previous 
adzing, the common practice abroad. The results thus far have been 
that the plates split badly, and at times have become loose or displaced. 
In some cases they have embedded themselves into the ties. This is shown 
in Plate XIV, Fig. C. Although the tests with wooden plates have not as 
yet been completed, the results thus far secured have not been satis- 
factory. It is thought, however, that this is largely due to the poor 
manner in which they were placed. 



Plate XIV 



IC. A.— A jrood inctluKl of piling ties for air wasonin^?, Port l^oadin^ 
(doosotinji; (A». (Forost Service photo.) 



Pio. B. — White-oak ties seasoned too fjust. (Forest Service photo.) 


(Fticiiia pagr M2.) 


Plate XI\' 


Fh;. 
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acierisiic of such plates is to grind into the wood fibers, especially 
of softwood tics such as loblolly pine, cedar, etc. This action 
also may extend beyond the treated portions of the tie and cause 
interior rot. These features are unquestionably objectionable, 
i\nd in some cases may prove of such a serious nature that they 
will overbalance the good points, such as adherence to the tie 
and lack of rattling, claimed for plates of this type. 

Tlie objectionable features of pronged or flanged plates are 
oln'iated if they are made flat and so rest flusli on the surface of 
lh(^ tie. The chief objections to this type seem to be the rattling 
noise which they make when they are not firmly held to the spikes, 
and the fact that all resistance to creeping and lateral thrust 
must be borne entirely by the spikes. The rattling, however, 
would seem to be an excellent indication that the spikes are loose 
and need attention. Just how much weight must be attached 
to the second objection cannot at this time be ascertained from 
tlui plates under observation by the U. 8. Forest Service. Thus 
f;u' no creeping or widening of the gauge of the experimental track 
has boon noticed. 

It seems, moreover, in view of the data thus far secured, that 
of the various forms of tie-plates now under tost, those made 
of metal with a flat bearing surface, or the bearing surfaces only 
slightly ridged, are giving better service in protecting the ties 
fiom mechanical destruction than those made of metal heavily 
lhing(al or pronged. 

A feature which is not a present taken into account, but which 
unquestionably will be, is the size of tie-plate to be used on 
dilfeient kinds of wood. A softwood tie like loblolly pine is more 
subject to rail cutting than a hardwood tic like oak, and con- 
■^('(piontly needs a larger tie-plate for its protection. Some tests 
at the U. S. Forest Products Laboratoiy of compressive strength 
uf various kinds of ties gave results as shown in Table 12 on 
pages 144 and 145. 

In other words, shortleaf pine is only about half as strong as 
rt'd oak and consequently needs a plate with a considerably 
arger area in order properly to distribute the load. 

Spikes. The practice of spiking ties to the rail has long been 
Recognized as capable of improvement. The spikes, especially 
in softwood ties, dp not hold firmly, and permit the rail to “creep ' ’ 
and pump,” thus greatly shortening the life of the tie. Fur- 
lerinore, they tear the wood-fibers, work loose, and permit rain 
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Table 12. — CiiusiiiNiji Strength of Cross-ties in Tercent of White 


Kiml of lie 

Fiix'r Mlro.'W 
at pla-^itic 

FiV)er strcMs 



limit per- 

in ix?rc‘(>nt 

Common mitno 


IH-mliculiir, 
to grain, lb. 

or sr)!} 11). 



per Bq. in. 


Osage orange 

'Poxylon poiniferuni ... 

2,200 

205.0 

Honey locust 

Glcditsia triacanthos. . . 

1,084 

197.5 

Black locust 

Robinia pseudacacia. . . 

1,420 

107.2 

Post oak 

Quercu.s minor 

1,148 

134 0 

Pignut hickory 

Hicoria glabra 

1,142 

188.9 

Water hickory 

Hicoria aquatica 

1 ,0S8 

127.5 

Shaghark hickory .... 

Hicoria ovata 

1,070 

125.5 

Mockornut hickory.... 

Hicoria alba 

1,012 

118,0 

Big shollhark hickory. 

Hicoria laciniosa 

997 

110.9 

Bitternut hiclvorv .... 


980 

115 7 

\utnieg hickory 

Hicoria myri.sticaeformis 

988 

no 0 

Vi'llow oak 

(Quercu.s velutina 

857 

100.5 

White oak 

(^uercus alba 

858 

100 0 

Bur oak 


880 

98 . 0 

White ash 

Fraxiiius americana 

828 

97.1 

Red oak 

(^uercus rubera. 

778 

91.2 

Sugar maple 

.Acer saccharum 

742 

87.0 

Rock elm 


090 

81.0 

Beech 

Fagus atropuiiicea 

607 

71,2 

Slijiperv elm 

! 1 hnus nubescens. . . 

599 

70.2 

Redwood 

1 Sequoia sempervirens. . . 

578 

07.8 

Bald cvf)res.s 

Taxo<lium distichum.. . . 

548 

64.3 

Red maple 

Acer rubrum 

581 

62.3 

Ifackherry 

C(*lti.s occi<lentalis . . . 

525 

61.0 

InccM.se C('dar 

Libocedrus decurrens. . . 

518 

60.8 

Hemlock 

Tsuga canadensi.s 

497 

58.3 

Longleaf pine 

j Pinu.s palustris 

491 

57.0 

Tamarack . 

Ijariv In.ric.iana 

480 

56 . 3 

Silver maple 

Acer sacchaririuin 

450 

53.5 

Y'ellow birch 

Betula Lutea 

451 

53 . 2 

Tupelo 

Xy.ssa aquatica 

451 

52 . 9 

Black cherry 

Prunus serotina 

444 

52.1 

Sycamore 

Platanus occidcntalis.. . . 

483 

50.8 

Dougla.s fir 

Pseudotsuga taxifolia . . 

427 

50.1 

Cucimiber tree 

Magnolia acuminata.. . . 

408 

47.8 

Shortleaf pine 

j Pinus cchinata 

400 

46.9 

Red pine 

j Pinus rcsinosa. 

358 

42.0 

Sugar pine 

^ PiniiH la.mbertia.na 

353 

41.4 

White elm 

1 Dlmus americana 

351 

41.2 

We.stern yellow pine,. 

1 Pinus ponderosa 

348 

40.8 
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1'ahle r2.--CRUsniNG Strength op Cross-ties in Percent op White 
Oak. —C onliniu’il. 


Kind of tic 


Common name j Botanical name 


Lodgepole pine 

Rod spruce 

White pine 

Engolniann spruce. , . 

Arborvittc 

[.firgetootli aspen. . . . 

White spruce 

Butternut 

Buckeye (yellow) . . , , 

Basswood 

Black willow 


Pin us contorta I 

Picea rtibens 

Pinus strobus 

Picea engebnanni 

Thuja oecidontali.s 

Populus grandidentata . 

Picea canadensis 

Juglans cinerea 

Aesculus octandra 

Tilia aincricana 

Salix nigra j 


Fiber .strew.s 
at elasfio 
limit i)er- 
pc'ndiculaa, 
to grain, Ii)H. 
per .sq, in. 


348 

34.') 

314 

290 

288 

2()9 

202 

208 

210 

209 

193 


Fiber stress 
in percent 
of white oak, 
or S’ui lb. 
I)er sip in. 


40.8 

40.5 

30.8 

34.0 

33 . 8 

31.5 
30.7 
30.3 

24.0 

24 . 5 


to collect and decay to start. This necessitates a rather fnaRient 
respiking; of the rail, which often fills the tie with holes to such 
an extent that it is ‘‘spiked to death” and must he removed. 
It was thought that hy first Imring a hoh' into tlie ti(' and then 
driving the spike into it, the fibers would not he torn and tlien the 
spike would hohl more firmly. (Se(‘ Plate XII, Fig. C\) Tests 
W('re made* in which ordinary 9/l(3-ineh .square spikes were driv- 
en into red-oak ties previou.sly honal with holes 3/S, 7/l(), and 
1/2 inches in diameter. Although the spikes were driven hy an 
experienced trackman, in over half the cases they failed to follow 
the holes. Their resistance to pulling was thus reduced. When 
no liole was bored the aviuaige forci' reijuired to pull the spikes 
was 8827 pounds; when bored in the manner above described 
the respective forces were 8050, 810(), and 7154 pounds. In order 
to overcome the objection mentioned the spikes were pointed on 
four sides, and when this was done there was no difficulty what- 
ever in getting them to follow the holes. Furthermore, their 
I’esistance to vertical pull was increased and the wood-fibers 
W(‘re not seriously torn. The number of pounds required to pull 
pikes from red-oak tics was as follows:- 

’ By J. A. Nowlin, in charge of tinilier tc.sts. Forest Products La])oratory. 

* It will be noticed that tlic spikes driven in the first test lield more firmly 
than those driven in the .second. For example, when no liole was bored it 
took 8827 pounds to pull them in the first test and only 7013 pounds in tlie 
10 
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PoUIKis 


Ordinary 9/l()-incli square s])ikes driven without horinj^ 70 1.] 

Ordinary 9/U)-incli square spikes pointed on four sides, driven in 

liole d/8 inch in diameter 817S 

Orilinary 9/lG-inch square spike pointed on four sides, drivtm in 

hole 7/U) incli in diameter 7Sr>li 

Ordinary 9/l(i-incli square spike pointed on four sides, driven in 

hole 1/2 inch in diameter 7(191 


Whon the diamond-pointed ►spikes were driven into the tii' 
witliont first boring lioles, the ties were almost invariably split. 
It appears, therefore, that they eannot be used satisfactorily 
without pi’evious boring. 

Some of the ti(‘s used in these tests were tnaated with creosoti', 
others with /inc chloride, and still others were left untreated, 
but no appreciable difference due to treatment was noticaal. 
In a few cas(‘s a heavy oil was poured into the holes and allowcal 
to soak for 16 hours before the s|)ikes were driven, d’he resist- 
ance to pull was decr(*ased from 7644 to 6628 {xmnds. While no 
tests w(‘re made, it is (|uit(( po.ssil)le that if the holes are bored into 
tin' ties before they are tnaited tin* n‘sistance of the spike will la- 
less than if tln-y are bored after treating. In spite of this, how- 
ever, it is believed that if hol(‘S an* borc'd at all they should la- 
bored befoia- and not after treatment, sima- in the fornn-r cas(' the 
ties will be fully protected against rot. 

While th(‘ tests d(‘scril)ed show that boring holes into tii-s piv- 
vious to spiking them is an improvement over the (-ommon prae- 
ticc in this country, (‘.\j)erience abroad l(‘ads to the conclusion 
that even better results cati be obbuned by the use of screw 
spikes. To secure data for American operating conditions, 
screw spikes were used by the* IT. S. .Forest Service in the Nortln'm 
Pacific, Chicago k Northwestern, and Chicago, Milwaukee* A 
St. Paul t(‘st tracks. In laying the Northern Pacific and ('hicago 
A North w(‘st(‘rn tracks no screw-sf)ike boring or driving machiin- 
was available, so that tlie holes had to be bored and the spikes in- 
sertc'd l)y hand. In some ca.ses the holes were not bored de'ep 
enough, and the point of tlie spike struck the base of the hoh'. 
On further tightening the spike the threads in the wood were- 
destroyed. Fui'thermore, the holes were not in all cases bored 

second. Tlii.s cminot he jittrihutcd to any (lifforonce in the spikes, but to tie- 
ties into which they were driven. Also, in the latter case the spikes w(-r<‘ 
pulled .soon after they were driven. The two scries of tests, therefore, arc not 
cornjiarahlc with each other. 
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v('rtically, so that the spikes were iiiseiicd at varioiis an^rlcs. 
Wlu'ii the Chicago, Milwaukee it 8t. Paul track was put in place, 
;i screw-spike boring and driving machine was used, and the 
(lilliculties previously encountered were dijin* away with. The 
niachino drove the holes v(Ttically and to a, uniform depth, so 
that the spikes all had proper alignimMit and (‘learance. In 
('V(‘ry case the machine drove the spikes tirmly into the tie. 

'Fhe screw spikes used in the Northern Ihuatic and Chicjigo Sc 
Northwestern test tracks were driven through plates whi(*h did 
not reenforce the head of the spike against lateral thrust. After 

years’ service many of the these spikes were badly Ix'iit, 
resulting in a widening of the track gauge. I n laying the Cliicago, 
Milwaukee Sc St. Paul track, a plate with l)Osses for su])porting 
the heads of the spikes was used, which it is beli(‘ved will mate- 
rially increase their holding power. 

In a large number of tests made at Purdiu* University, a i)art 
of which were condinded l)y the U. S. Forest Service,^ it was 
found that screw spikes had from 1.7 to 3.8 times tlu' strength of 
the common spike against pull, and from 1.2 to 2.1 times th(‘ lat- 
eral resistance of the common spike. 'Fhe heads of the spikes 
W('re not supported in tlu'se tests. 

An objecition raised against the use of scn'w spikes is that it 
takes longer to insert them than to insert cut spikes, and that this 
at times delays the passage of fast trains. 1 n laying the Chi(‘ago, 
Milwaukee St. Paul test track this obje(‘tion was partially 
overcome by spiking every third tie throughout the rail length, 
which permitted trains to pass, and afterward s[)iking the re- 
maining ties. 

A further ol)jection to the use of screw spikes is the diliiculty 
of regauging the track when the rail becomes worn. It is pos- 
sible that this objection may in t ime be overcome l)y altering the 
design of plates used with this type of spike. 

While the use of screw spikes in this country is still in its in- 
bincy and final judgment cannot as yet be pronoumaal, it gives 
promise of overcoming the objections raised against the ordinary 
out spike. If it succeeds in this it will unquestionably result in 
greatly reducing the mechanical destruction of tics. 

Adzing and Boring Ties.^ — In (diapter VII it was stated that 
adzing and boring ties prior to treatment was^good practice, and 

^ Fourth Progress Report of Tests on Treated Ties, by W. K. Hatt, 
Furdue University, Bulletin 124, A. R. E. and M. of W. Assn. 
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the datca given above show liow the holding power of spikes ran 
be increased by driving them through such holes. Of equal 
importance is a proper bearing of the rail or plate on the tie, for 
if this is not done the wear will be concentrated over a small 
area and the mechanical destruction of the tie hastened. Further- 
more, it is felt that the unequal bearing of rails on ties can be 
held responsil)le, in part at least, for breaking the rail, especially 
during cold weather. Adzing prior to treatment not only (ui- 
ables the plate and rail to be firmly and uniformly fastened to the 
tie, but makes it possible to at least coat with preservative that 
portion of the tie most subject to wear. For these reasons 
adzing and boring of ties are highly commended. 

The Selection of Processes for Treating Ties. — The wicF 
range of conditions under which cross-ties arc used makes a 
selection of treating processes necessary if most economic results 
are to be secured. Lack of specific data on the exact value of the 
various processes prevents a clear-(uit d(‘cision as to which is best 
for a given set of i‘(*(juirements. 

The ideal treatment is one in which the ti(‘S fail from decay 
and wear at tlu* same time. If tlie failures arc caused by decay, 
then a more ('fficient preservative should be used; if, on tlu^ otluM' 
hand, the failures are caused l)y wear which cannot be preventc'd, 
then a less efficient treatment should l)e used. It can be readily 
seen that any process which puts into ties more pres(!rvativc 
than is necessary to protect them longer than their mechanical 
life is a wasteful process, because after the ties are removed from 
the track the pres(*rvative in them is useless. The proper balanc(' 
between tlu; failure of a tie from decay and from wear is a V('ry 
difficult one to ol^tain with our present limited fund of data 
and this complicates greatly the selection of a proper treating 
process. ( 'ertain general rules can, however, be laid down which 
should aid in selecting the proper proce.ss for any given condi- 
tions. The most important points to consider in this connection 
are; (1) kind and form of ties to be used, (2) the tonnage over the 
road, (3) climatic conditions, and (4) type of track construction. 
These are so closely interwoven that tluy must all be considered 
together. 

If the road is so fortunate as to run through or tap a forested 
region containing strong, durable tie material, the need of a 
pr(!scrvativc treatment is not pressing and may even be dispensed 
with entirely. Thus, if ties of heart cypress, redwood, and cedar 
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can be obtained at a reasonable price, no treatment other than 
a protection from wear is required. However, this condition 
rarely exists, so that some method of increasing the resistance 
of the wood to decay becomes necessary. If the wood is refrac- 
tory "that is, if a preservative cannot 1)0 forced into it except 
superficially — as with Douglas fir, tannirack, etc., as heavy a 
treatment as possible with straight creos<)t(‘ will probaldy give 
most effici(mt results because even at best only small amounts 
of the oil will l)e absorl)ed. If, however, the wood is porous and 
readily absorbs preservative, then some cheaper })rocess, like the; 
Burnett, ('ard, or empty-cell creosote is ])referabl(‘. The same 
is true for those ties which are cut so as to have fairly wide strips 
of sapwood on one or l)oth sides while the faces are of r(*sistant 
heartwood possessing in its(4f litth' durability. 

Obviously, ti(‘s which have a heavy tonnage passing over them 
are more subject to failure from wear than ti(‘s laid in a track 
where the tonnag(‘ is light. In general, such ties should be given 
a less efficient ainl (*xj)(uisiv(i treatment, for if heavy injections 
ar(‘ made, considerable (|uantiti(‘s of pr(‘servativ(' will 1)(‘ destroyed 
with the ties. 

('limatic conditions must be carefully considered. Ties laid 
ill regions of heavy rainfall had best be treated with straight 
creosote. In arid regions and where rainfall is comparatively 
light, zinc-treated ties may be advantageously used. 

The type of track construction has much to do with the selec- 
tion of the process. In general, best construction enables the 
use of the more (dfective and expensive treating jirocesses. For 
example, a track laid with luuivy rail, heavy tie plates, screw 
spikes and a firm rock ballast would call for a more costly and 
effective treating process than one laid with cut spikes, dirt 
ballast, and no tie plates. It should not follow that this is uni- 
vi'i’sally true. Siqipose, for instance, that the track construction 
is of the best, but that the ties are of a comparatively soft wooil 
like loblolly pine; it is the author’s opinion that an empty-cell 
process should be selected in preference to a full-cell, as it would 
Rive an equal length of life to the tie with a much less consump- 
tion of preservative, and hence the expense would be less. As 
niontioncd above, a decision on the selection of a proper timber- 
treating process for ties can be correctly made only after all fac- 
tors affecting the life of the tie have been considered. It appears, 
therefore, that railroads controlling a large mileage, •especially, 
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if it traverses a wide territory, should use more than one proc(\ss 
in order to secure most economic returns. In the above discus- 
sion, the question of initial cost has not been mentioned, as its 
effect in the selection of a process is so obvious as to need no special 
comment. The ideal process selected may be the cheapest 
process — Burnettizing, for example — in so far as initial cost is 
concerned. Or the ideal process may be the most expensive- 
full-cell creosote— in which case, if the company could not afford 
it, the next best rather than none at all should be selected. A 
coninion haiture is that practically all standard processes using 
pressure pay if compared to the use of untreated ties, so the 
problem reduces itself largely to a (piestion of which pays best. 

Cost of Treating Ties.- -The total cost of treating ties can be 
divided into tlu' following general items: (1) seasoning, (2) labor, 
(3) fuel, (4) plant operation and maintenam'e, and (5) chemicals. 

The majority of ti(‘.s now treated in the United State's are air- 
seasoned prior to treatment. The^ cost of this varies with tlu; 
kind of wood, season of the yeair, and geographical location. 
In general, however, seasoning charges range from about 0.50 to 
1.5 cents per tie. 

Labor includes all forms nece.s.sary to the treatmemt, such as 
loading and unloading of ti(>.s in the^ yard, and for the tie plant 
and superintendence. It also varie^s considerably, but ranges 
from about 3 to 0 cents per tie. 

Fuel is least in tho.so plants which can use natural gas or oil and 
liighest in those most remote from a source of supply, but ranges 
from about 1/2 to 2 cents per tie. 

On account of the corrosive action of zinc chloride, the life 
of a plant using that kind of a pre.scrvative is usually reckoned as 
shorter than that of one using creosote; con.sequently, its de- 
preciation is gr(‘ater. If the capacity of the plant is lowered 
through accident, shortage of ties, etc., the depr(u*iation charges 
per tie will lx; very high. The total cost of maintenance, includ- 
ing this de|)reciation, interest on the inve.stment, etc., will usu- 
ally range from 1 to 2 ccuits per tie. 

Practical ly all of the ties now treated in commercial plants in 
tin; United Statens arc injected with zinc chloride or with creosote, 
either alone or in combination. Only a few plants use preserva- 
tives like crude oil and mercuric chloride. It is customary to 
inject about 1/2 pound of dry zinc chloride per cubic foot 
of wood although this varies at time.s from one-third to two- 
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thirds of a pound. This salt costs from 8 1/2 to 5 cents per 
pound. Creosote costs from about 7 to 12 cents per gallon in 
larg(^ quantities. It is customary in tic work to inject from 5 to 
10 pounds of this oil per cubic foot. 

With the above data the cost of tic tr(uitmcnts may be esti> 
mated. It should be borne in mind, however, that the figures 
given are general, and will not apply to all conditions. Using 
tlKun as a basis, however, the cost of treating a standard 7 inch 
X 9 inch X 8 foot tie will bo approximately as shown in 
Table 13, royalties not included. It is understood tliat royalties 
are now charged in the Rueping and Card processes, while the 
liowry process is operated under certain restrictions l)y the coni- 
[)any which controls the Lowry patents. For the other proc- 
(!sses listed in the tai)lo no royalties are required. 

'rAuim 13 . — Api'Roximatk Cost of TaKATiNo Ties 

(Tie 7 inchoH X 0 inehos X S fceO 


Crooi'S.s i C <ts(, |K!r I i<\ reiiH 

HuriK'lt i 10-11 

Wt'llhouso V . . ; 

Card ; l()-20 

Ru(‘pirig(a) 25-20 

ho\vry(/)) 32-35 

Ibill-ccll crosote(c) i 30-15 


a — assuming iil^out G pounds of creosote per cubic foot absorption. 
h = assuming about S pounds of creosote per cubic foot absorption. 
c = assuming about 10 pounds of creosote per cubic foot ab.sorption. 
A.ssuming creosote co.sts about 1 cent per j)ound ami zitic chloride about 
1 cents per pound. 

It will be noted in tliis table tliat the cost of the preservative 
us(h 1 is a large percentage of the total cost of treatment. Creo- 
i^ote, for example, greatly increases tlie cost of the treatment and 
when it is used in comparatively large quantities— 8 i)oiiiuls or 
over per cubic foot — all other costs make but a small fraction in 
the total cost of treatment. The opportunity either for an effi- 
cient preservative at lower cost or for some modified method of 
operation which will enable a high-priced preservative to be 
better utilized than is being done in present practice is strik- 
h'gly apparent. 

Economy in Treating Ties. — There is no longer any just doubt 
but what the preservative treatment of ties pays. Unfortunately, 
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reliable records on the life of treated ties which have been in ser- 
vice for loiip; periods nrc too meaj>:er to enable exact estimates of 
actual (‘conomy to })o made, so that the financial saving is still a 
matter of conjecture. Because of this condition it is not pos- 
sible to state what process of trcMitnuuit is most economical, 
and it will take several years before any true basis for such state- 
ments will be warranted. As has already been pointed out, 
it is quite likely that the different methods of treatment now 
practised will be found to have rather sharp limitations so that 
they will not overla|) and compete to such a larger dej^ree as at 
present. The difTerent kinds of ties, tlu' different types of con- 
struction, and the diifVrent |reo^!;raphical rc'^ions traversed by 
our roads will demand diffiu’cnt treatments. 

In the meantime, the best that can be done is to use what 
data is already available on treated and untreated ti('s in service', 
and add to this our knowledge on the efficiency of the various 
preservatives used, the action of wood-destroyinjz; fun^;i, and the* 
durability and susceptilulity to treatment of th(^ various woods 
now used for manufacture into ties. 

While the saving in money is undoubtedly the most important 
fc'ature which the railroads will consider, nevertheh'ss it is Ix'- 
liev(Ml that otlu'r factors should not l)o ov('rlook(‘d. If a process 
showing lowest annual charges is selected, it may be it does not 
prolong th(‘ life of th(‘ ties as much as some other process having 
higher annual charge's. This means that tie removals will b<' 
more frequent and the roadbed will cons(‘(|uently bo more con- 
tinuously disturbed. The disadvantages are obvious. Further- 
more, if the pri(!e of untreated ties shows a steady advance, tlu' 
advantage of securing as long a life as possil)le from them is 
readily apparent. 

Because of the many fa(;tors which influence the ecionomy 
resulting from treating ties and Ix'cause of the uncertainty of 
present data on the durability of ties, estimates on saving an^ 
here given for only two processe.s — the Burnett and full-cell 
creosote — as these represent the probable extremes, certainly in 
so far as initial cost is concerned. In ord(ir to make the results 
comparable, it is assumed that all ties are plated, the plates cost- 
ing 25 cents per tie, and that the cost of placung the ties in the 
track is 15 cents. Furthermore, all tics are subjected to the same 
traffic conditions and preliminary treatment. As annual charges 
best show resulting economy they are used in the following table 
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■ices quoted based on general observations; also subject 
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andnro fi<rurcd on the cost of the ties in the track, the computation 
being made by the following formula: 

10/AO/), 

1 . 0 /)" - 1 

Whore r = eqiiiv^ulent annual charge. 

R — initial expenditure. 
p = rate of interest (taken as 5 percent), 
n = terni of years. 

It will be noted that, in general, the ties treated with creosote' 
show a slightly greater economy than when treated with zinc 
chloride. In this connection, however, the remarks already 
made concerning the selection of the treating ])rocess should be 
kept in mind; that is, ties tn'atc'd with zinc chloride should not 
be laid in wet localities. If ties treated by this method are laid 
in such regions the differences shown in the tabic would, of course, 
1)0 considerably greatc'r. 

It should be noted that greatest economy in treating ties comk's 
from tliosc which possess little durability in an untreated condi- 
tion, this amounting in certain cases to an annual saving of over 
20 cents per tie per year. L(‘ast saving comes from ties which 
arc resistant to treatment and which do not possess a marked 
natural durability. Such ties ought not to command high prices. 
In fact, it is exceedingly likely that the prices now paid for ties 
will be readjusted as ndiablo data on their serviceability is grad- 
ually obtained, and more value is placed upon their intrinsic 
properties. lied oak, beech, and elm, for example, will become 
more and more prized as good tie woods, because of their rapid 
growth, hardness, and permeability. 

If the figures given in the table are found by actual experience, 
to be accurate, the difference in the annual saving between the 
two processes compared is insignificant. This does not mean, 
however, that the selection of the procc.ss is unimportant, because 
oth(!r factors such as initial cost, ultimate length of .service, local 
climatic conditions, etc., as pointed out above, must also be taken 
into consid(*ration. 

Need for Test Tracks. — It is apparent from the above discus- 
sion on the economy of treatment that little of definite value on 
the efriciency of various proce.sscs can be determined until ac- 
curate data is available. Without doubt, the be,st way of secur- 
ing such data is to set aside certain portions of the main track, 
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typifying conditions of the road, for experimental or test purposes. 
Such portions of the track are called “test or experimental 
tracks.” In them complete records should he kept on each tie, 
such as kind of wood, how treated, when and how laid, and notes 
on its character of failure ol)taincd from yearly inspections. In 
addition, general data on the character of the ballast, type of 
construction, tonnage over the road, etc., should l)e made a matter 
of record. To assist in identifying the ties, each tie should have 
zinc-coated dating nails driven into it at some readily accessible 
point. A good place for the nails is about I foot inside the rail. 

The old method of driving dating nails into all treated ties and 
atiem{)ting to keep records on all of them has not proved success- 
ful and is not recommended. Trackmen as a rule will not keep 
accurate records and uidess the la^coids are accurate they are 
worse than useless, as they may lead to absurd conclusions. 
The direct and positive value of the data secured from test tracks 
cnal)les accurat(' deductions to be made of the efliciency of the 
trcatuKuit and far more than justifies the cost of phacing and 
maintaining them. 



CHAPTER IX 


PROLONGING THE LIFE OF POLES AND CROSS ARMS 
FROM DECAY AND INSECTS 

POLES 

Selection of Species. — Aeconlinjj; to prosont in order to 

make a satisfactory pole, a tree must have the following general 
properties: Its wood must he strong, comparatively light in 
weight and dural)ie, its tajXT must he gradual and well ilefined, 
its form must ho straight, and in addition its supply must hi' 
acci'ssihlo and al)unda.nt. Tlu'so requirements ni'cessarily ri'- 
strict the niimher of sjx'cii's which can hi' usi'd. For exampli', 
of tlie 3,000,000 poll's consumed annually in the United States, 
over two-thirds are cedar and ahoiit oni'-seventh chestnut. 
Hence, over 80 peri'ent ari' cut from only two kinds of wood. 

If the preservative treatment of f>oles was more generally 
practised, a much larger variety of woods could he drawn upon, 
since they po.sse.ss all of the recpiisite properties save durability. 
It seems apparent, therefori', that as the present supply of “i)ol(' 
woods” hecomes more and more exhausted the need for preserva- 
tive treatment will increase. Such woods as the pines, spruces, 
and firs should prove admirably adapted for poles, and they will 
undouhtedly he called into usin In fact, a movi'ment in this 
direction has already taken placid, and poles cut from these timbers 
are now being usi'd in .several i)laces in the West. 

Insi'cts, in addition to decay, also attack poles, thus weakening 
them not only by their burrows but also by admitting channels 
through which the decay can (;nter and spread. As the methods 
which prevent decay will also prevent insect attack, the two an' 
discussed in common in this chapter. 

Manufacture of Poles.^ — Most of the poles used in the United 
Statics are simply tree trunks which have been trimmed of limbs 
and then pi'cled. Very few sawed poles are used. As has already 
been pointed out (Chapter IV) the best time to cut timber is in 
winter or late fall. Poles cut during this period are, however, 
more difficult to peel, as the hark clings tenaciously to them, 
156 
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wliorcas in spring long strips of bark can readily be torn from the 
trunk. It is very important to peel all bark from that portion 
of th(i pole to be treated; otherwise the bark will prevent a uni- 
form penetration of tlic preservative. 

The practice of dragging poles over the ground for long dis- 
tances, thereby grinding off the outer layers of wood, should be 
prohibited, as it not only weakens the pole but makes it more 
susceptible to decay. 

It is also bad pra(*tice to saw that portion of the pole wliich 
j)rojects above ground, leaving the butt the natural shape and 
size of the tree, uidess the butt is given a thorough i)reservative 
ir(‘atmeiit, because the sap on the butt will (piickly decay arid 
infect the heartwood. If sawing must be done on account of 
local or other requirements, it is Ixdter to saw the entin^ pole. As 
a general proposition, howev(‘r, sawing should be avoided if pos- 
sil)le. The top of the pole should also be cut slanting unless 
tlu're is some reason why this cannot be done. If a plate or ca{) 
is plac(‘d on the top of the pole, the wood un(h*rneath should be 
at Iciist brush treabul with creosote. Whenever possible the 
l)ole should bo trimmed and l)ored to exact dimensions l)('for(‘ 
it is treated, in order to avoid cutting into the treated wood ami 
thus exposing the untreated interior. 

Method of Seasoning. — Common practice now pays little at- 
tc'iition to seasoning poles. (See Plate XV, Fig. A.) Poh's are gen- 
(ually piled one on top of the other in order to occupy as little 
^l)ace as possible*. If the poles are not to be treated and if they 
are not held too long in these piles so that decay will attack them, 
no serious objection can be levied against this practice. Of 
course, when pileel in this manner, the rate at which they los(‘ 
wat(*r is greatly decreased and consequently they will wt'igh 
more when shipped; hence, the cost of transportation is 
increased. 

If the poles are to be treated, especially by the open-tank or 
brush methods, a preliminary air seasoning is highly desirable. 
The best way to do this is to roll the poles on skids with suf- 
ficient space between them so that the air can circulate freely. 
These skids can be built of poles placed horizontally and ele- 
vated a foot or more above the ground. If space permits, but 
one layer of poles should be built on each skid, but if necessary, 
i^everal layers can be piled on each other. (Sec Plate XV, Fig. B.) 

Factors other than ease of handling should be given con- 
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sidoration i/i srhcting the se:is(miiif( ynnl. For (wnniplr Uig 
grouml .should l)0 fairly level, well drnined, and ns free from u of ds 
and (looayt'd wood as possihlo. The polos should bo exposed to 
ilw sun and air rnrnaits so that the sonsoning will ho rapid. 
Too rapid s('asonin^^ liowovor, may ohook the polos, hi whirh 
cuso they can bo piled closer together. Incipient checks, ivhirh 
arc linble to increase in size^ should bo protected with '^S-irejis'' 
(1-iff. 22). 

The length of time poles should be seasoned varies primarily 
with the time of year, the kind of wood, and climatic conditions. 



Fio. 22. — Method of applying; “S "-irons to prevent checking. 

From a large number of tests made by the U. S. Forest Service 
in cooperation with the American Telephone and Telegraph 
Company the following table has been compiled: 

Table 15.— Approximate Time Required to Air Season Poles for 
Treatment 

I I No. of months required when polos 

Sixjcies Region j are cut in ^ 


, 

Sjjring 

Summer i Autumn 

"winter 

Chestnut 

Maryland 

3 

3 

7 

6 

Southern white cedar. . . . 

Carolinas 

2 

2 

4 

3 

N'orthern white cedar. . . . 

Michigan 

5 

5 

9 

8 

Western yellow pine 

' California 

5 

2 

9 

6 


The above figures may be used to predict the seasoning periods 
for other varieties of wood not listed, although just how accurat(^ 
they will be cannot be told except by actual trial. 

Because of its comparatively large diameter, the moisture 
content of an air-seasoned^^ pole varies considerably. For 
example, the outer portion may contain only 10 percent of moisture 
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wliile the interior has 40 percent or over. It is not necessary 
or practicable to reduce this interior moisture very materially 
for it does not seriously affect any preservative treatment vvliich 
might be given. 

The effect of this moisture loss on freight shipments is very 
important, especiallv in long hauls. 

Taijlk 16. — Showing Saving in Freight Effected by Air-seasoning 
Poles 


Species 

Slee of pole 

No. of 
poles re- 
quired for 
carload of 
40,000 
lb. 

Total dc- Saving in freight on 
crease in ' c.arload lots 

I Top 
Length, diam- 
feet j cter, I 
1 in. 1 

weight due 

to air 1 cent 15 cent 

seasoning i i 

(pounds) 1 dollars 

Chestnut 

30 

7 

43 

1 7,700 19.25 11.55 

Southern white cedar. 

30 

1 7 

i 74 

! 16,900 i 42.25 25.35 

Northern white cedar. 

i 30 

7 

I 

! 12,800 1 32.00 : 19.20 

Western red cedar .... 

1 40 

8 

59 

1 12,900 * 32.25 : 19:35 

1 Western yellow pine. . . 

40 

8 

1 46 

1 38,400 96.00 57.60 


Tlie decrease in weight from a green to an air-dry condition 
varies from about 20 to 50 percent, or 180 to 850 pounds per pole. 
The decrease in shipping weight and freight charges is, of course, 
in direct proportion to these percentages. 

The shrinkage in the circumference of poles due to their season- 
ing is insignificant, contrary to general belief. Conseipiently, 
if a pole is measured when green, these figures can be considered 
as practically unaltered by subsequent drying, since the shrinkage 
will not exceed 1 percent. Exact data on shrinkage taken 
from measurements on about 2000 poles of chc.stnut, cedar and 
pine averaged from 0.3 to Q.5 percent of the green circumference 
5 feet from the liutt to 0.6 to 0.9 percent at the top. This is 
equivalent on 30- to 40-ft. poles to about 0.1 or 0.2 inch in 
tlic circumference of the butt and from 0.15 to 0.25 inch at 
the top. 

If the poles are steam seasoned, they arc handled in much the 
same manner as cross-ties, viz., placed in the treating cylinder 
‘‘ind subjected to live steam at pressures not exceeding 40 pounds 
for four or more hours, after which a vacuum is applied and the 
preservative injected. 

Methods of Treatment and Their Selection. — Because of 
their large size and the high cost of handling and'shipping them 
and the comparatively small number assembled at one point, 
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the treatineiit of poles is quite a (lilTenuit problem from the tr(‘at- 
ment of ties, b’urthermore, poles are not subject to the same 
kind of deterioration as ties. That portion which pi-ojects aboxa^ 
grountl is much less subject to decay than that in the ground, 
and in temperate climates like the northern and western Ilnitc'd 
States, where the humidity and temperature are generally low, 
the tops may last indefinitely. In warm, humid climates, as in 
the South, a protection to the top is desiral)le and often — as in 
the case of pines — necessary. Poles do not fail from mechanical 
wear, so that this factor need not be consideretl.. 

Several methods of ])rot(‘cting the life of poles from decay and 
insects — the chief destructive* age'iits- an* practiced. These are* 
(1) setting the i)oles in cruslu'd stone or concr(*t(*, (2) charring the 
butts, (8) brush trc'ating the butts with a wooel preservative*, 
(4) impregnating the butts with a prese'rvative, and (5) impre'g- 
nating the entire pole with a pre*se‘rvative. 

Setting in Crushed Stone or Concrete.— If the he)le into whicli 
tlie pole* is te) be plae*e*d is elug seve*ral ine*he*s wiele'r than the* pole, 
crushed or small fielel ste)ne*s can be* pe)uneleel areninel the ])()lc 
after it is se't. These will i)e*rmit more e)r le*ss e*ire‘ulation of air 
arounel the butt anel ke'ep wee*els from growing e*lose to the pede*. 
In this way a |)artial prote*ction is afTemleel whie*h will aelel a ye'ar 
or two te) the* life* se?cure*el. Furthermore, the stones will tenel to 
protect the* pole fre)?n grounel fires. Sanel plae*e*el in such holes 
affords no f)re)te'e*tie)n anel may even hasten elecay. The author has 
little eviele'iice* that pole*s se‘t in concrete are materially prejlongcd 
in service. Suedi concrede; jae*ke*ts are liable to be'come broke'ii 
anel hene*e aehuit wate*r. All e)f th(*s(* methoels are e'e)nsielered 
make'-shifts anel shoulel be us(*d oidy when ne) be‘tte*r tre*atme*nt 
can be hael. 

Charring. — lh'e)videel tlie poles are; air s(*asoned, charring to a 
elepth of 1/4 in. freem the butt te) about 2 ft. above ground line 
will more than i)ay for itself. It is, however, an inefficient 
methexl of treatment and adels but little to the life of the pole. 
If charreel green, the pe)les arc very liable; to check open and ele*- 
cay hastened rather than retareled. Charring, furthermore, 
destroys the outer fibers of the wejod and weakens the pole where* 
strength is most nee’ded. Charred polos examined l)y the author 
were also readily attack(;d by insects. 

Brush Treatment. — These should be applied to poles only 
after they are air seasoned. If applied to green poles, the effee- 
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tiveness of tlic treatment will be greatly (iecreasefl. The methods 
of applying brush treatments have already been described (see 
(diaptcr V). To secure best results, particularly for poles set in 
sandy soil, the entire butt and end of the poh; sliould be coated 
with the preservative and the protection should extend 1 or 
2 feet above the ground line. If poles are well treated by this 
method, their life can be extended from 3 to 6 years. When 
no better method can be afforded, brush tr(‘atinents are recoin- 
nieiidcd. The best preservative thus far known is coal-tar 
creosote, which should l)e applied hot (about 160° F.) in two 
coats. For reliable results secured to date the reader is re- 
ferred to Fig. 118, appendix. 

Open-tank Butt Treatments. — If the top of the pole is not 
subject to decay, a butt treatment in an open tank is the best 
known. (See Plate X Pig. (k) (k’or description see open-tank 
treatment, ('hapter V.) A number of test poles treated in 
this maimer have shown excellent results (see Fig. 31 and Fig. 32, 
app('ndix), and because the preservative is confined to the 
hutt of the pole where decay is most active, the method is 
more economical than if the entire jiole is impregnated. Un- 
fortunately, in order to cut down labor and maintenance costs, 
such treatments are feasibly only where coiniiaratively large 
numbers of poles arc assembled at one point. Furthermore, the 
treatment may mean a delay in shipment, although it is felt 
that this objection should be mot on the part of pole consumers 
by anticipating their orders in suflicieiit time to enable the 
treatment to be made, 

Uoal-tar creosote to the amount of 10 pounds per cubic foot, 
or more if possible, will give best results. It is possible, how- 
ever, to impregnate the butts with zinc chloride or otlnu' 
antis(‘ptic salts, either alone or in combination with the creosote, 
in which case a decrease in the cost of the prestu’vative can be 
made. In any event, the aim should be to treat all of the 
sapwood fb a height of 1 to 2 feet above ground level. 

Butt treatments are now given which often amount to little 
more than dipping treatments, and while they are bettia* than 
a mere brushing of the pole, they will not prove as effective as 
though the preservative is driven through the sai)wood. In 
some cases, the surface of the pole has been perforated with small 
holes in order to facilitate the entrance of the preservative and 
shorten the time of treatment. 

11 
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Poles to be butt-treated are lioisted by a derrick into open tanks, 
where they are stood on end. The preservative is then admitted 
until the butts are subnier^(;d. If creosote or a similar oil is us('(d 
it is heated to about 215° F. for two or more hours, after which 
it is permitted to cool, or cool oil is pumped into the tank and the 
butts kept submerged until the desired absorption is obtaiiu'd. 
In a similar mamier the [)oh^s can be treated with zinc chloride. 
By runniiijz; the hot oil out of the tank and admitting a zinc- 
chloride solution, a combination treatment can be obtained, or 
the polos can bo lifted out of the hot tank and stood in a second 
tank containing the solution. Table 17 gives some results 
secured in butt-treating ])oles by the open-tank method and shows 
the amount and depth to whiidi the preservative was absorbed.' 


Table 17. — AvEUA(iK AHSdiu'TioN' and PENETiiATrox oc Chkosote Oh- 
T.\iNEi) i.N THE Butt Tukatment ok Poi.es hv the 
Open-tank Method 



.Mtsurp- ] 

Pono- 


Ab.sorp- ,, 

; . 1 Peru'- 

SperioH 

tinn iMT 

♦ration 

SpocU'S 

tion per ! 

, 1 trulion 


I)ol<; 



pole 1 


Bounds 

Inches 


Bounds ' Inches 

('liesimit 

21.. 5 , 

0.3 

Western yellow 


Northern white 



: ])ine 

, 81.4 1 3.1 

cedar 

48.4 

0.5 

Lodgepole pine... 

34.0 1.0 

Western red eiahir 

. .5 

0 8 


' i 


Entire Impregnation. — If the poles (hnaiy in the top as well as 
in the l)utt, the entire ])ole should be troabal. This is done by 
placing them on cylinder cars and running tluun into a treating 
eylind(‘r. TIh^ tn‘atment is very similar to that given ties, no 
sp(!cial a[)paratus Ixdng r(‘quire(l exce])t that the cars should be of 
the l)olster tyj)e in ord(*r to lak(^ curvcis. Th(‘ b(\st process is tin' 
full-c('ll creosote injecting about lOpoundsj of oil per cubic foot. 
This iiHithod of tniatinent is most exjxuisive on account of the 
large amount of creosote absorbed. It should not be used if 
op(‘u-tank treatrinuits will suffice. A modified treatment has be(Mi 
suggested whereby the poles arc run into horizontal cylinders 
mount(;d on |)ivot Ixuirings, after which the cylinder is revolved 
to a v(Ttic!il position. In this way it is possible to impregnate 
the butt under pressure and give the top of the pole a lighter 
treatmemt, thus saving materially in total cost. So far as known 

‘ Bulletin 84, U. S. Forest Service, by Win. II. Kempfer, 
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to the author, this method has not been practised thus far, 
althouf^h it has much to commend it. 

Boucherie Process. — In this process, which is extensively used 
ill t'raiice and which has been tested in our country, the poles are 
treated green and before the bark is removed. (Sec Plate XVI, 
Pig. A.) In fact, the sooner the treatment can be given after the 
trees are cut the better the results secured. A clamp is placed over 
the butt of the pole, which is placed in a horizontal position; 
through this clamp a hole is bored, into which a wooden plug 
is inserted. The plug is connected to a hose, which in turn is 
fast(aied to a larger hose or pipe. A barrel or other vessel filled 
with copper sulphate, and elevated about 20 ft. above the pole so 
as to give a static pressure, is connected by means of a hose to 
this f(H-id pipe. In this way the copper-sulphate solution runs 
out of the overhead tank and forces its way into the butt of 
the pole and eventually through its entire length. As soon as 
the solution appears at the top end, the pole is disconnected 
from the treating apparatus, after which it is peeled, trimmed, 
and air seasoned. It is then ready for use. 

Idle Boucherie process is very well adapted to the treatment 
nf poles ill small quantities and in rough country where there is 
a supply of timber suitable for polos and where the cost of trans- 
porting treated poles would b(i prohiiiitive. Experiments with 
this proct'ss were made i)y the U. S. Forest Service in California, 
the time reipiired to impregnate the various poles being given in 
Tal)le 1(S.‘ The poles were treated green under a pressure of 
al)out 10 pounds. Their length was about 22 ft. 


Taiu.e is. —Time Hequiuei) to Treat CIheen Poles hy the liouciiERiE 
Process 


Species 

Avcr.iRO time renuimi to impregnate poles 


(Days) 

Yellow pine 


White fir. , 

2.9 

l^ouglas fir 

t).2 

Incense cedar 

1.9 

^'ij^ar pine 

3.1 


Kyan Process. — This process has been used extensively in 
Europe for treating poles and has given very good results. The 

' From report by Geo. M. Hunt and C. S. Smith, of the U. S. Forest 
Service. 
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manner in which the process is operated has been described in 
Chapter V. Next to polos impregnated by the full-cell pro(;('ss, 
Kyanizctl polos have given greatest duralulity. The treatmeni 
is comparatively inexpensive when compared with the full-cnl] 
creosote and in addition the surface of the poles is clean and 
free from oily exudations. It is believed the process can ho 
adapted to many conditions in our country and is well worthy 
of a more extended trial. While no tests wliich have been made 
arc known by the author, it is probable that a treatimmt with 
mercuric chloride can be given poles in much the same mannoi- 
as they are now treated by the Bou<*h(‘rizing process^ althougli 
the uniformity of the penetration might not be as good as when 
the poles are first air seasoned. 

Reenforcing Decayed Poles.— The expense of replacing de- 
cayed poles with new ones is considerabh^, as all the wires must 
be restrung, in addition to rej)lacing the pole proper. For this 
reason, some companies have attcunpted to reenforce their de- 
cayed poles in an effort to prolong tludr lif(‘. Two methods 
have l)een rather (^\t(‘nsiv(‘ly tried, viz., reenforced stubs and ri'- 
enforced jackets. Tlu^ former consists in placing a stub buric'd 
in the ground next to the pole and bolting or wiring the pole to 
it. (Sec Plato XVI, Fig. B.) These stubs are often creosoten by 
the brush or full-cell method. They undoubtedly increase the 
strength of the decayed pole but their reenforcement is only 
temporary and final removal is generally deferred for ))ut a com- 
paratively short period. 

An effective method consists in cutting all decaayed wood 
from the pole for some distance below and above ground. The 
pole is then brush treated with a preservative like creosote, after 
which steel reenforcing rods arc driven into it and the whole 
buried in creosote. This method is claimed to give very good 
results and add materially to the strengtli and life of the pole. 
No definite records on the added life thus secured are, however, 
known to the author, but an estimated life of 8 to 10 years is 
claimed. The cost of such a treatment is about S3. 50 to S5 per 
pole. (See Plate XVI, Fig. C.) 

In some cases, after a pole has decayed, it is cut off at the 
ground line, the decayed butt removed, and the pole lowered 
in the same hole. This practice is common and feasible when 
the length of the pole is sufficient to stand this shortening. It 
is believed that better results would be secured if the sound por- 




Fid. A.--A lioucluMid pole treat inn plant, FnMa. Germany. (Forest Serv- 
ice photo. ) 



(Fniinii KVI ) 





PROLONGING THE LIFE OF POLES 


165 


tion of the pole was given two coats of hot creosote before it was 
lowered into the ground. As the ground about the hole is in- 
fected with decay-producing fungi, the life of a pole set in such soil 
will not be as great as the life of a pole set in a freshly dug hole. 

Cost of Treatment. — The cost of treating poles varies through 
wide limits. It depends chiefly upon (1) the process used, (2) 
the size of the pole, (3) the cost of the preservative, (4) the cost of 
hil)or, and (5) the number of poles treated per day. In order to 
have some genefal data, however. Table 10 has been compiled, 
hut in using it the reader is cautioned against drawing too sharp 
conclusions, ("reosote is assumed to cost 1 cent per pound, 
labor |;2 per day, the size of pole to l)e 30 feet, and the treatments 
given as already described. 

Table 19. — Estimated Cost of Treating Poles 

I |Amt. of preHcrvii- j 


Kind of treatment { live used per i>ole Cost per polo 

j (pounds) 

Field or crushed stone around pole 1 i $0 . {.)0-S0 . 20 

Charring butt | 1 0 . 0.>~ 0 . 1.5 

Brush treatment (2 coats creosote) | 8'‘ ; 0.15-0.30 

Open-tank butt treatment creosote I .50'* 1.00-1.50 

Entire pole treated — full-cell creosote I 144‘ 1.70- 2.25 


^ = about 24 square feet surface. 

** = about 6 cubic feet treated. 

” = about 18 cubic feet treated. 

A more detailed estimate of the cost of butt-treating poles, 
based on an open-tank plant having a daily capacity of 120 poles 
per day or 30,000 per year (250 working days), is as follows:^ 

Larou per Dav 


1 yard foreman $4.00 

1 plant engineer 4.00 

1 stationary engineer 4.00 

2 firemen , at $2 . 50 5.00 

6 laborers, at $2 10.00 


Total $27.00 

Labor charge per pole $0 . 225 

Fuel per Day 

2 tons coal, at $4 $8.00 

Fuel charge per pole 

^Bulletin 84, U. S. Forest Service. 


0.067 
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Matntenancb piou Year 

Depreomtion and repairs f 500. 00 

Intorc.st on investment in plant and preservatives 400.00 

Total $900.00 


Maintcnanee charge for pole SO.OMO 

Seasoning charge per pole (interest on investment) 0. 100 

Total treating charge, exclusive of preservative $0,422 


The cost of treatment, exclusive of preservative, based on a 
liberal estimate for all charges, is thus seen to be S0.422 per pole. 
To this should be added the cost of the preservative, taxes on 
property, and, if the treating plant is not located at a central 
seasoning or distri})uting yard, extra shipping (diarges. 

Economy of Treatment, 'dh’eated poles have not been in use 
in this country for a sufficient period to furnish actual data on 
the length of time their life has been prolongtal. In (hMinany, 
whore fairly accurate information is at hand, the following results 
have been secured based on about 50 years experience: 


Untreated poles 7.7 years average lih' 

Pole.s treated with copper sulphaUi 11.7 years average' life 

Poles treated with zinc chloride 11.9 years average life 

Poles treated with mercuric chloride 13.7 years average life 

Poles treated with creo.sotc 20.0 years averagt* life 


The amount of creosote injected in each case, and the exact con- 
ditions under which the poles were set, are not known. We ha v(‘ 
records in this country, however, of longleaf pine i)olos treat('d 
by the full-cell creosote process and set in Virginia wliich arc 
perfectly sound after 18 years’ service. Accurate records on 
the durability of poles in the United States, so far as these are at 
present obtainable, are given in Fig. 31 and Fig 32, appendix. 
Using them and the cost of treatments given above, the econ- 
omy of treatment can be approximated as in Table 20. 

It will be noted from the estimates given in the table that poles 
butt-treated with creosote by the open-tank method are tlic 
cheapest to maintain. In this connection, however, several 
factors should be kept clearly in mind. It has been assumed in 
the table that the tops of the poles do not decay. While this 
condition is true for a large part of our country, it must not be 
universally applied. If the top is sul>ject to decay, the full-cell 
creosote proce.ss will undoubtedly be found to give lowest main- 
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toiiaiicc charges, althougli its initial cost of installation will re- 
main highest. Another very important point is tlie kind of wood 
used in the pole. Northern white cedar has l)e(Mi selected in the 
table because of its uniform excellence and very (‘xtendotl us(n 
If other varieties are employed th(‘ annual charges shown in 
the taI)Io will, of course, be materially changed. For example, 
a, loblolly pine pole will last untreated about 4 years, wluu’eas the 
noithern white cedar is estimated at 14 years. When given a 
l)utt or full-celf treatment with creosote, the difference in the 
annual charges between treated and untr(‘ated lul)lolly pine poles 
will 1)0 much greater than the differences l)etw('(Mi treatcal and 
untreated cedar poles, because of the natural durability of the 
latter. Consequently, poles possessing less natural durability 
will, when treated, show great(W economy in treatment than poles 
possessing great natur;d durability. Furtlnu-more, the lower 
price at whicli such poles can generally l,)e secured will frecpiently 
make their use, when properly treated, cheaper than the more 
naturally durable poles. The wide rang(^ through which these 
conditions vary frustrates any attemi)t to .ai-range them in a 
tal)lc that would be of i)ractical value, liem'C no attempt to do so 
has been made. 


Taule 20.— Estimate!) Annual Chauces of Cedau Poles '1’keated uy 
Vakious Methods 


Motliod of Treatment 


Cost of 

EstimutoJ t 

Annual 

treatment 

pole set in 

life 

charge 

- - .... . - 


$ 

Years 

s 

I'ntreated 


7 00 

14 

0.71 

Charred at hiitt 

0.15 

7.15 

15 

0.09 

Putt brush-1 ri'ated 

0.25 

7.25 

IS 

0.02 

Bouchcrie 

0.70 

7.70 

20 

0.02 

Butt treated zinc chloride (open 





tank) ... 

1 O.GO 

7.00 

22 

0.58 

Butt treated mercuric chloride 


i 



(open tank) 

0.90 1 

7.90 

24 

0.59 

Butt treated creosote (open tank). 

1.25 

8.:i5i : 

00 1 

0.54 

1* ull-cell creosote (pres.sure) 

2.29 ! 

9.50' ' 

:10 ; 

0,02 


Pole — northern white cedar. Cost of placement = SO. 

Life— untreated = 14 years. Size of pole = 00 feet. 

Cost of pole = .$4. Interest 5 percent compounded an- 

nually. 

^ Extra charge for increased weight due to treatment. 
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CROSS ARMS 

Selection of Species. — Two kinds of wood, Douglas fir and 
pine (mostly longleaf), furnish about 90 percent of the 3,500,000 
cross arms used annually in the United States. Other varieties 
such as oak, cypress, spruce, juniper, cedar, chestnut, and locust 
are also used, but in scatbTing quantities. Due to the manner 
in whicli they are placed, d(H‘ay in cro.ss arms is not nearly as 
serious as decay in poles. Tin; problem of selecting material 
for cross arms is therefore largely confined to those specaes whicli 
occur in sufficient (piantities in one locality and thus warrant the 
installation of the special machinery necessary to manufacture 
cross arms at low cost. Douglas fir and longh'af pine are the 
woods now most largely manufaidaired into lumber and occur 
in enormous stands over a wide ari'a. The intrinsic properties 
desired in a cross arm are strength, freedom from warping and 
ch(‘cking, a comparatively light weight, and resistance to de(;ay. 
Even when the arms are to lie treated, their ability to absorb the 
preservative is not of prime importance, as oidy small fpiantities 
of an (dficient preservative are necessary in order to jirotecd them 
from d('cay. For greatest strength at least weight, rcMlwood is 
one of t h(‘ liest cross-arm matiM’ials us(‘d and it is surprising t hat 
more redwood arms are not in service. A distinction is made 
between arms cut from Douglas fir, the trade recognizing two 
distinct types known as “yellow” and “red” fir. The former 
is claimed to be the better arm and far more durable than the 
latter, cases being on record wIkto such arms untreated were in 
service over 40 years without any signs of decay. It is probable, 
however, that this long service was due to the comparatively 
dry climate (Utah) in which these arms were used. 

The Manufacture of Cross Arms. — It is quite essential that 
the wood from which cross arms are ma<le bo of straight grain 
free from defeids such as knots, spiral grain, checks, etc., which 
tend to ilecreasc their stnmgth. This is especially true for that 
portion of the arm at and near the middle, as failure is most 
likely to occur at this portion. 

It is also important to have the arm brought to exact dimen- 
sions and all holes bored* before any preservative treatment is 
given. 

Methods of Seasoning. — On account of their comparatively 
small size and the ease with which they can be handled, cross 
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arms are generally air Reasoned before they are shipped or treated. 
The usual precautions for the condition of the seasoning yard, as 
described in (diapter VIIT, hold as well for cross arms. Many 
forms of piles have been tried but those which give best satisfaction 
are open piles without roofs, in whicli the end arms in each tier 
are placed with their depth vertical while the arms in between 
are placed with their depth horizontal. (See Plate X VII, Fig. A.) 
Tliis allows a free circulation of air and induces rapid drying. 

From a large number of measurements, the shrinkage in con- 
if(',r()us cross arms from a green to air-dry condition is of little or 
no practical significance. The same holds for any changes in the 
shape of the holes bored into thci arms. In hardwood cross arms 
these changes are much gnniter. 

Cross arms season rajiidly and reacdi an air-dry condition in 
about 1 month. In summer this rate may even be exceeded, 
while in winter or rainy weather longer periods are of course 
lu'cessary. Some experiuumts were made by the U. S. Forest 
Service in air-seasoning loblolly pine arms, which, according to 
tlie amount of sapwood they contained, were divided in three 
charges, heartwood, saiiwood, and intmaiiediate. The manner 
in which thesis arms seasoned is shown in Table 21.^ 


Taiu.e 21, — Comparative Hates of Seasonino of JiOBLOLLV Pine 
IIeautwood, Sapwood, and Intermediate Cross Arms 
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32. O 

32.0 .35.8 

27.2 

33.3 

, 30.0 

30.0 

. 

.34,3 

.37.3 

33.8 

32.0 35.8 

27 . 3 

33.4 

: 30.7 

30.3 

120., . , 

34,2 

37.0 

33.7 

32,5 ; 35.7 

20.0 

33.4 

i 30.7 

30.3 

ir.o 

33.0 

37.3 

32.3 

.32.1 ! .35.3 

24.5 

33.0 

30.3 

29.0 

iso., ! 

33 . 0 

30.0 1 

! 31,2 ' 

31.0 i 34.7 

23.0 ! 

32 . 5 
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1 20.9 


Methods of Treatment and Their Selection. - As above stated, 
cross arms are not subject to severe attack by fungi, since they are 
J^urrounded on all sides by air and arc raised a considerable dis- 
tance above ground. Decay is most likely to occur at the bolt 
and pin holes. It is quite essential, therefore, to have these prop- 
<^‘i’ly protected. If the arm is of a naturally durable wood such as 
white or red cedar, heart cypress, etc., no preservative treatment 
* Circular 151, U. S. Forest Service. 
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is necessary, as the arm will unquestionably last much longer than 
the pole. If, however, the wood is not so durable, such as pine, 
fir, spruce, etc., a preservative treatment is desirable. 

If tlu' pi'eservative selected is a salt, such as zinc or mercuric 
chloride, objections can be raised in that it will tend to wash from 
the wood, it will attack the iron spikes or bolts, and it will tend 
to keep the arms more or less moist thus lowering the strength 
of the arms and decreasing their resistance to the leakage of 
electric current. 

On the other hand, if creosote is used, it will tend to volatilize 
quickly from the arms, or if large quantities arc injected danger 
from drip may be encountered, (\ases are on record where com- 
panies have been forced to replace their arms because of the dam- 
age done by such dripping. Arms heavily creosoted are, more- 
over, increased perceptibly in weight. 

Taking all these factors into consideration, it is believed that 
arms treated with nbout 5 to 6 pounds of creosote per cubic foot 
by an emptv-cell i)rocess .so that no drip will occur will give 
be.st results. In doing this, however, it is important to use a 
high-grade preservative, .so that loss from volatilization can b(^ 
kept to a minimum. 

Dipping the arms in a tank of hot preservative such as coal- 
tar creosote or carbolineum for several minutes should also give 
good results. The oil will run into all checks and holes and, as 
wood is most easily treated in the direction of the grain (longi- 
tudinally), a good penetration will be secured at those points 
which require greatest protection. 

Kyanized arms arc reported to have given excellent service. 
The process [)roduces clean arms and adds practically no dead 
weight. 

Cost of Treatment. — The cost of treating cross arms is very 
variable. When large quantities are handled and apparatus is 
at hand for doing the work mechanically, the cost is kept at a 
minimum. It has been a.S8umcd in the estimates given in Table 
22 that these mechanical features have been provided. 


Table 22. — Approximate Cost or Treating Cross Arms 


Process used I 

Total cost per arm (10-pin) (cents) 

Full-cell creosote 

10-20 

Erapty-cell creosote 

7-10 

Dipping creosote 

4- 8 

Dipping carbolineum 

10-30 




Platk XVII 



[Facinti page 170 .) 
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Fk;. F<micc posts properly piled for nir s(*;isoninjj:. (l'\>r('st Service 
photo.) 
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Economy of Treatment. — Only estimates based upon the opin- 
ions of operators and our knowledge of the decay of wood can be 
given in arriving at the probable economy resulting from the pre- 
servative treatment of arms. No authenticated records are 
known to the author of the service secured from treated arms in 
actual use. It is only reasonable to expect that climatic condi- 
tions will affect very materially the life of cross arms. For ex- 
ample, arms in the South where the air is often warm and moist 
will tend to decay much more rapidly than arms in dry or cold 
climates. In fact, it is doubtful whether the treatment of arms, 
other than a mere soaking in the preservative of the bolt and pin 
holes and the center portion in contact with the pole, under these 
latter conditions is at all feasible or necessary. As has been 
stated, cases are on record of yellow fir arms which in a com- 
paratively dry climate like Utah and Nevada lasted untreated 
for over 40 years without any signs of decay. Of course, such 
conditions cannot bo expected for the greater part of our country, 
so that a treatment of some sort is generally advisable. 

The estimates given in Table 23 arc very rough as no data 
could be found giving the lives of cross arms treated in the 
manner suggested. 


T^uiLE 23 . — Estimated Annual Saving Due to Treatment of Cross 
Arms (Interest Compounded at 5 Percent) 


Item 

Fir 

Pine 

Life untreated (years) 

15.0 

10.0 

Life treated by empty-oell process (years) 

25.0 

30.0 

Life treated by dipping process in creosote (years) . . . . S 

20.0 

18.0 

Life treated by dipping process in carbolineuni (years); 

21.0 

19.0 

Cost untreated in place (dollars) 1 

1.50 

1.50 

Cost treated by empty-cell process in (place) 

1.5S 

1.58 

Cost treated by dipping process using creosote 

1.56 

1.56 

Cost treated by dipping process using carboliiicum . . . 

1.60 

1.60 

Annual charges untreated 

0.150 

0.190 

Annual charges treated by empty-cell process 

0.110 

0.100 

Annual charges treated by dipping process (creosote) . 

0.125 

0.130 

Annual charjEes treated by dipping process (carbolineum) 

0.125 

0.130 



CHAPTER X 


PROLONGING THE LIFE OF FENCE POSTS FROM 
DECAY 

Selection of Species. — Whoro trees jiljound, feiiee posts are 
generally made from timber easiest to eut. For this reason 
practically all kinds of wood large enough to make a post are used 
and a list of them would (;omj)rise nearly all sp(‘cies which grow 
in our country. Where post timber is scarce, greater care is 
taken in selecting the kinds of wood cut into posts, and in any 
event the dural)le species are almost invariably the best ones to 
use. Aside from tlie question of cost, which is always of first 
importance, tlu^ qualiti(‘S demanded of a good post wood ari^ 
duraliility, form, and aliility to hold staph^s or nails. If the posts 
are to be given a preservative treatment, their ability to take 
treatment must also be considered. 

The dural)ility of posts is very variable even when cut from the 
same kind of wood, so that any estimates on durability must be 
judged with consideralile latitude. Posts set in wet ground ar(‘ 
mor(^ durable than posts set in soil alternating wet and dry. 
Posts cut from slow-grown trees an* generall}^ more durable than 
posts cut from rajiid-grown trees. To these variations must be 
added the variations due to climatic conditions. 

The best form(;d posts come usually from the coniferous trees 
like cedar, pine, fir, etc., and fenci^s set with tlnan have the neat- 
{^st appearance, ('rookiid posts are more liable to pull the 
staples, as tlui wires fastened to them are not in alignment. 

In general, the staple or nail-holding power of a post varies 
with its dry weight. That is, posts cut from heavy woods like 
locust, oak, etc,, will hold staiiles bett(^r than posts cut from light 
woods like pine and cedar. 

If the posts are to be sot untreated, the more heartwood they 
contain the better. Consequently, split posts are generally 
more durable than round posts. If, however, a preservative 
treatment is to be given, round posts are preferable, as the sap- 
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rimoNdiNO riiE life of fence msr.s 

,voi)il cun bo more easily impregnated than the lieartwood and 
a continuous layer of preserved wood will then extend conlinu- 

ally ai’ouiul tho post. 

Method and Time of Cutting Posts. — As just nKuitioncd. 
split posts c.outuiniiig mostly hoartwood an^ pndcTablo to round 
posts if thoy aroto bo set uutnnitod. So far as possilih', the cuds of 
the posts should bo cut with an axo or fine saw, especially if the 
posts are of soft wood. A smooth c\it enables rain water to run 
off nioro freely and is less liable to cause toj) decaj\ A slight 
hovel to th(‘ to]) of th(^ ])ost is also desirable and should be given. 
If, however, the posts are subject to “frost heave,” that is, 
thrown out of alignment by frost, tlio bottoms should be pointed 
so they can be reset u])right in the spring and driv(ai into the 
ground with a mallet. With such ])osts, too great a bevel to 
the top should be avoided. 

It is generally conceded that the best tinn* of the year to cut 
])osts is in winter or late fall, as tiny are at su(*h seasons less 
subjeid to imm(‘diate attack by fungi. Furthernior<‘, sjirouts from 
winter-cut stumps are far more vigorous tlnin spro\its from stumps 
cut in spring or summer. In fact, the sprouting caj)acity of a 
stump may sometimes be killed by summer cutting. 

In all cases, whether treated or untreated, posts should be 
p(‘eled, as the bark offers practically no protection and generally 
do(‘s a positiye harm. All bark should be thoroughly remoyed 
from that portion of the post to be treated with the preseryativo 
so that the preseryative can have an opportunity to penetrate 
uniformly into the wood. 

Method of Seasoning. — Whether or not it pays to season posts 
whicli are to be set untreated is still an open question. It 
appears, however, that the seasoning adds but little to the life 
of the posts and if it entails much delay or expense is not 
warranted. 

Of course, where a preservative treatment is to be given, 
•‘reasoning is as a rule highly advisable, as better penetrations are 
secured and the protective coating is le.ss subject to injury due to 
i^ubsequent checking. A simple and effective means of season- 
lug posts is to pile them in liorizontal layers, allowing sufficient 
^pace between each post so that air can circulate about them. 
(‘Sec Plate XVII, Fig.C.) If the posts are liable to check seriously, 
‘OS in the case of the gums and oaks, it is best to pile them 
closer together and in a shady place. One or two months are 
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generally required to produce an air-dry condition but in warm 
weather two weeks may l)o sufliciont. 

Methods of Treatment and Their Selection. — Farmers are tla^ 
largest consumers of posts, and most of them make their own posts. 
The chief reciuirement for a preservative treatment is, thereforr', 
that it shall be one which the farmer can give himself. In soim* 
localities where the posts arc l)ought, a rather elaborate treat- 
ment can be given and the posts sold in a treated condition. For 
the most part, however, the most practical methods are those 
which are simple of execution. The ones most commonly used 
are descrilx'd below. 

Setting Posts in Stones. — If stones are abundant, this method is 
better than setting the posts dir(‘ctly into the soil. If the stones 
must he hauled long distances, the methotl will not pay, as it 
does not materially increase the life of the posts. Its chief ad- 
vantage lies in that it kec'ps weeds and vegetation away from 
the base of the post, thus prolonging its life and protecting th(' 
post from ground fires. 

Setting Posts Upside Down. — This is done on the theory that 
rain-water will run out of the post more readily in this position 
than when set larg() end down. There is no evidence whatever 
to substantiate this and were it not for the widespread beli(4 
in this method it would not oven be commented upon here. 
An obvious objection to this method is that it places the small 
end of the post in the ground and hence gives a weaker post 
than if set the other way, since greater strength and resistance 
are ro(iuired in the butt than in the top. 

Charring the Butt, — ('harring at be.st is a poor method of 
treatment, since its effect is Imt slight. If the posts are charred 
they should first l)C air seasoned thoroughly and charred from the 
butt to about 0 inches above the ground line. The charr should 
not extend more than 1/4 inch into the post. While this treat- 
ment will tend to increase the dura}>ility of the post, it also 
weakens it at the very point where it needs greatest strength. 
However, if the charring can be done at slight expense, it will 
more than pay for itself through added durability. 

Dipping in Crude Oil and Charring. — If the butt ends of the 
posts are dipped for a few minutes in crude oil and then charred 
better results than simple charring arc obtained. (See Plate 
XVIII, Fig. A.) This method is, however, also subject to criti* 
cism in that it weakens the posts at the butt. It seems that 
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burning the posts after their oil treatment tends to drive some of 
Iho hot oil into the wood. Home experiments made along this 
liiK' by the Wyoming Experiment Station showed pitch-pine 
posts to be sound after l(i years of service. It should be stated, 
however, that these i)osts set untreated under similar con- 
ditions would last at least 12 year.s, so that the etlicacy of the 
ii(\‘itment is not {)ronounce<l. 

Diagonal Holes Filled with Preservative. —This method of 
treatment consists in boring 2 or holes about 1/2 inch in 
diameter and H inches deep diagonally downward into the post 
iK'ar tiui ground line, and ])ouring a pr('S(‘rvativ(^ such as a solu- 
tion of copper sulphate, mercuric chlorid(‘, kerosene, etc., into the 
hole, after which it is plugged. When the preservative escaj)es 
from the cavity, the plug is removed and more inserted. This 
treatment is not recommended, first l)ecause it weakens the post, 
second because the pia'servative does not diffuse evenly through 
tlie post as claimed, and third because the results secured arc not 
sufficient to pay for the trouble and expense of the treatment. 

Brush Treatments. — If posts are first air seasoned and then 
ttivc'u two coats of a good pr('servativ(‘ like coal-tiir creosote or 
enrbolineuin in the manner de.scribed inC'hapter V, their natural 
lif(' can be increased from 3 to 0 years. The entire butt of the 
post should be treated to a di.stance about 1 foot above the 
ground line. The preservative had best be applied hot and worked 
into the cracks as completely as possible. Brush treatments 
when properly applied will more than t)ay for t hemselves but are 
not as efficient as can be given. In the case of jiosts that decay 
at the top, such as maple, gum, etc., it is well also to brush^reat 
tlu^ top. 

Dipping Treatments.— These are more effective than brush 
treatments, as the preservative is sure to run into all checks. 
As posts can be easil}^ handled, this method is recommended, par- 
ticularly where only a few ])osts are to be treated. Creosote or 
a similar preservative is the best obtainable for dipping treat- 
•aents. All that is necessary is to have the preservative hot 
(ubout 150°-180° F.) and dip the butt ends of the post in a tank 
**'■ barrel containing the oil for about 1/4 minute, after which they 
‘■an be removed. Tlui post should be submerged to a depth of 
about 1 foot above the grountl line. One dipping will give good 
‘■‘'suits. Better absorptions and penetrations will be secured, 
however, if the post is dipped twice, a sufficient time elapsing 
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betwc'on trcatinonts to allow the first to dry. Tar is not loeom. 
moiidcd for oitlier brush or dipping troatnioiits. 

Impregnation Treatments. — Tr(*atinents of this kind arr tlio 
host known, although tin; most troublosoino and oxjieusivi' to 
make. If the preservative selected is a salt like zinc or nKavuric 
chloride or copper sulphate, all that is necessary is to stand ihv 
air-seasoned posts in a tank or vessel containing a solution of tlio 
preservative. For zinc chloride a 0 percent solution is recoin- 
mended, while for copper sulphate 1.5 percent and for inercuiic 
chloride 0.9 percent is sidhcient. If the latter salt is used great 
care should be taken in handling it and keeping it away from ani- 
mals because of its very poisonous nature. With copper and 
mercury solutions, wooden or stone vessels or tanks should ho 
used, as they will attack iron. The posts should remain standin^^ 
in the preservative for about I week. 

Better results can be secured with coal-tar creosote, but to get 
most effective treatments the oil shoidd b(‘ heated as described 
in C'hapter V. If but one tank is ii.se<l, the oil and posts can he 
heated and then allowed to cool in it. This (Uits down the niini- 
ber (jf ]K)sts that can l)e treated per day and is calhal a “single- 
tank treatment.” If two tanks are u.scd, one for hot oil ami one 
for cool oil, quicker results are secured. Such treatments an; 
known as “double-tank treatments.” The U. S. Forest Service 
has made a large number of tests in treating posts by these meth- 
ods and has obtained some very satisfactory results. These are 
shown in Table 24. 

The treating tanks necessary to treat posts in this manner 
and the method of operating them are described in Chapter V 
(open- tank proce.s.s). 

While no tests that have been made are known to the author, 
it is believed that if the posts are boiled in crude oil or any cheap 
oil for 2 or 3 hours and then quickly plunged into a tank 
containing a solution of zinc chloride, copper sulphate, or mer- 
curic chloride at atmospheric temperature, as described above, 
and left standing in this solution for 3 or 4 hours, very 
good results will be secured and at a lower cost than if only coal- 
tar creosote were used. It is quite likely that green posts can 
be treated in this manner and good penetrations obtained, but 
in such cases the length of the boiling period will probably have 
to be increased somewhat. In no case should the posts be heated 
above 275° F. 
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Pitch Streaks. — It is well known (hat pine posts which contain 
amounts of resin are more durabh* than pine jxists which are 
not resinous. This fact is takfui advaiitaj^e of in certain portions 
of the South by ])eeling all of the bark olT a small tree to a heiji;ht 
of 7 or 8 fe( 3 t except for a strip about 2 inches wide, which is 
sufficient to keep tlio tree aliv(‘ for several years. The tree 
thus injured covers its wound with r(‘sin, which fre(|uently 
penetrates into the wood for a half inch or more and thus 
forms pitchy wood. In two or more years the tree is felled and 
the post cut from it. This method is not recommended, as it 
is very destructive to timber and wasteful, and the posts arc 
'Farmers’ Bulletin .387, U. S. Department of Agrieulture. 
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very liable to catcii on fire, if ground fires arc coniinon, bec.iuse 
of the pitchiness of the wood. 

Cost of Treatment. — (’osts of treatment will bo ostirii.itfd 
only for brirsli, dipping, ami impregnation treatments, as tlui 
other tia'atments (h'seribed eost praetieally nothing exeei)t for 
labor, which is generally supi)lied by the farmer himself at odd 
times. If labor is included, the cost of the treatments will, of 
course, depend upon the number of posts which can bo trea(('d 
{)er day and the value th(‘ fariiKT puts upon his labor. In tlii' 
following calculations it is assumed that the apparatus used is 
such as is des{*ri])ed in (’hapter V and that the price paid for tli(' 
chemicals is average for small quantities, viz., creosote 2 cents 
per pound, zinc chloride 5 cents per pound, copper sulphah; 
6 cents per i)ound, and mercuric chloride 70 cents per pound; 
these being used in the manner specified above. Tlie total cost 
of treatments i)er post (O-inch top 7 feet long) will then l)e 
about as estimated in Table 25. 


Table 25. IOstim ated Cost of Tueatin'g Fexce Posts (Putt Only) 


Method of treatinciit [ 

Totlll cost piT 
post (cents) 

Brush-lroatod coal-tar creosote 

d-t) 

Dipped coal-tar creosote ' 

Irnproguated with zinc chloride, copper sulphate or 

5-7 

mercuric c,lih)rid(' 

3-7 

Impregnated with coal-tar creosote 

12-20 


If the entire post is treated tin; ahove costs will be about doubled. 

Economy of Treatment. — As the preservative treatment of 
fence posts cut from durabh; wood is unnecessary, it will be 
assumed that only posts having a comparatively short natural 
life will be given a treatment. In order to approximate the value' 
of the trc'atrnents, tlujriefore, wo will take as an example posts 
(;ut from such woods as red oak, maple, pine, etc., which decay 
in about 5 years and whiedi are worth about 5 cents each. The; 
cost of setting the posts will 1)0 estimated at 12 cents each. With 
these assumptions and figuring interest compounded at () percent, 
the annual cost of posts treated by the various methods will be 
as shown in 'Table 26. 

It will be noted that, if the values given in the tal)lc are approxi- 
mately correct, the economy resulting from the treatment of 
posts is not great. The selection of woods to bo cut into posts 
is perhaps of as great or even greater importance. For this 
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26 .~-Estimatei) Annual Charges of Treated Posts (Butt 
Treated Only) 


— 

Life of 

Coat of post 

Annual 

Method of treatment 

post 

aet in poaition 

charKea 


(years) 

(conta) 

(centa) 

l'n1 rented 

5 

17 

4.0 

linish treated coal-tar creosote 

9 

22 

3.2 

Dipjx'd coal-tar creosote 

liii precollated with zinc c.hloride, copper 

11 

2.3 

2.9 

1 

suliihate, or mercuric cliloride 

12 

22 

2.6 

Impregnated with coal-tar creosote 

21 

3:i 1 

2.8 


reason, Table 27 is given to show what can be expected from 
posts cut from a variety of woods. Fortunately, some reliable 
data from actual experience is available on the life of untreated 
l)osts, this data l)cing compiled from painstaking inquiries and 
researches by Mr. J. J. Crumby of the Ohio Agricultural Ex- 
periment Station and published by him as Bulletin No. 219 of 
that station. He examined 292 fences containing 30,160 posts 
in Ohio, Indiana, Illinois, Kansas, and Texas. The results are 
sliown in Table 27. 


'Parle 27. — Life of Fence Po.sts Set Unprotected 


Kind of wood 

.\vcra»!:e ago 
of fences 

Pereent of 
sound posts at 


(years) 

this aKO 

(.)snge orange I 

:i3.2 

99 

Locust (black) 

25.4 

82.3 

Hed cedar ■ 

33.2 

65 . 3 

Mulberry j 

23.8 

74.1 

White cedar ' 

18.4 

i 68 

Uiitalpa i 

17.5 

61.8 

Ulicstnut 

12.3 

71.8 

U;ik (mostly white) 

11.8 

1 65.2 

black ash 

6.5 

1 64.2 


It can be seen at a glance that posts cut from such durable 
woods as osage orange, black locust, rod cedar, etc., will far out- 
l:i>^t nondurable posts treated by the best methods known and 
will be far cheaper to use even if they cost considerably more. 

The following interesting facts on the life of untreated fence 
posts are brought out by Mr. Crumley’s investigation: 

1- “A large post usually lasts longer than a small one of the 
^;ime wood. 

2. There is no difference which end is put in the ground, except 
IC'it the sounder or larger end should have the preference. 
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3. In stiff clay soil, the posts rot principally just beneath the 
top of the ground, and in a porous, sandy, or gravelly soil they 
usually rot from the top of the soil all the way down. 

4. In soil that is full of water all the time, posts will last 
longer. 

5. Timber that grows rapidly and in the open is not as good as 
the same variety that grow’s in the woods. 

0. There is some evidence that it is not a good time to cut posts 
just as the tree begins to grow in early spring. 

7. The wood at the center of the tree is not as good as that just 
inside the sapwood. This characteristic is very common witli 
nearly all the varieties of timber examined, especially so with the 
locust, white cedar, hardy catalpa, and the oaks.’' 



CHAPTER XI 


PROLONGING THE LIFE OF PILING AND BOATS FROM 
DECAY AND MARINE BORERS 

To satisfactorily treat piling and tirnljer placed in salt water 
wliere marine l)orers abound is exceedinj^ly difficult of accomplish- 
ment and the problem is quite dilTerent'from that of protecting 
tiinb(*r from decay. As has been pointed out in Cha})tcr II, 
it matters little what the wood is, for the borers will rapidly 
perforate it. The hardest woods like oak and eucalyi)tus are at- 
tacked by them. The most resistant wood known against these 
attacks is the greenheart, but even this will eventually succumb. 

Of course piling driven in fresh water or in the ground is not 
su])ject to the attack of marine borers. If such ])iling is kept 
continuously subnu'rged or buried, no preservative treatment is 
iK'cessary, as it will last indefinitely. If, however, parts of it 
project into the air, decay will take place and sonu' preservative 
treatment is advisabh'. The methods descril)ed under the 
treatment for poles may be considered in this connection, except 
of course if the piling is in water or wet soil soluble salts should 
not be used. 

Selection of Species. — A good pile timber should be straight, 
«tiong, susceptible to treatment, and of moderate cost. Any 
wood which has these properties can be used to advantage. 
Tlu'.se requirements are admirably filled l)y our common southern 
pines, the loblolly, shortleaf, longleaf, and Cuban. On the 
Pacific Coast, western yellow pine and Douglas fir are available, 
although the latter is objectionable on account of its resistance 
to treatment by present known processes. Strange to say, two 
woods which differ greatly in their mechanical propei'ties ai'c used 
nntreated for piling with apparent good results. These are the 
l)almetto, which is comparatively weak and “spongy,’' and 
gi’cenheart, which is exceedingly strong and dense. The re- 
sistance of the palmetto is supposed to be due to its porous nature 
•‘ind the natural adversion of the teredo to crossing vacant spaces. 
^ iic greenheart apparently has some peculiarity not at present 
iiiulerstood which is unattractive to the marine borers. 
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Eli 


If t/R- piling is to he used in wnters H'Iwiv nttv! I 
borm w hum-,, to be eery rapH only those woods wLhiZ 
1\ wide sapwuod (about 2 iiirlirs in width) should housed, ns nmi! 
proservativo can bo forced into them nnd hotter rosulfs thu, 


secured. W'here attack is less .sevTro, it scorns thnt piling witfi 
sapwood about 1 inch wide is profornhio, as this tends to con- 
centrate the oil in the outer portion to a greater extent than when 
the sapwood is wide. In either ease it appears that a con- 
centration (heavy injection) of oil is better than diffusing- the 
same amount of oil more deeply througli the wood — a condilion 
quite the reverse of the protection against fungi. 

The Manufacture of Piling. — In making piling which is to Ix' 
treated there are two e.ssentials which should be strictly adhered 
to. First, is a complete removal of all bark from that portion 
of the pile which will project above the mud line. Bark is v('rv 
resistant to penetration and if thin strips of it are left adhering 
to the wood the penetration under such strips may be very slight 
or none at all; consequently, no matter how well the rest of the 
pile may be treated, attack will begin at these points and extend 
rapidly to the interior. Many failures have occurred because 
this simple rule was violated. (See Plate XVHI, Fig. B.) 

The second precaution is to keep the sapwood continuous 
and not cut into it so as to expose the heartwood at any point 
which can be reached by the marine borers. Heartwood does not 
take treatment as well as sapwood, and is always more subject 
to attack no matter how well the treatment is given. As that 
portion of the pile which is driven below the mud line is not 
subject to attack either by decay or marine borers, and hence 
will last indefinitely, it is believed that much economy in tin' 
treatment of piling could be effected by leaving the inner bark 
adhering to this portion of the pile. In this way, much less 
oil would be consumed without in any way affecting the life of 
the pile. 

Methods of Seasoning. — If the piling can be air seasoned with- 
out decay, the method followed is the same as that given for air- 
seasoning poles. Unfortunately, it often happens that this can 
not be done, particularly in the South where the air is warm and 
damp and decay is liable to occur before the pile becomes dry. 
Some plants store their piling in water prior to treatment or leave 
them on the ground. Both these methods may become ob- 
jectionable in that they may cause marked differences in the 



Plate XVI 1 1 



Hi. B, — Scclioiis of (.Toosoted piling. Xolc rrralio penel rat ions of creosote. 
(Forest Service plioto.) 


{Fnrino pufjc 1S2.) 




Fid. D. PiliiiK |)r()t(H'(c<l witli ccincnt cjisiriuM froin iiftiick hy niaridt’ 
borers, I’ensacola, Fla. (Forest Servita; jjlioto.) 
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water content of the pile, which in turn is liable to result in 
unequal penetrations. 

When air seasoning is impossible, live steam or oil seasoning 
can bo used. The methods of doing this have been given in 
Chapter IV. Care should be taken not to use temperatures 
above 275® F., as injury to the timber is liable to occur. The 
length of time the wood should be steamed or boiled varies con- 
siderably, depending upon the size and greenness’’ of the 
wood and the amount of preservative to be injected. In general, 
it is between 6 and 18 hours, although longer periods are some- 
times used. 

Methods of Treatment and Their Selection. — Many methods 
for treating piling have been tried but only a few have been found 
meritorious. Only those which have been most commonly 
practised arc described. 

Bark Left on the Piles. — Bark resists the attacks of the marine 
wood borers, but will adhere only a short time, after which it 
loosens and falls off. If the piles are to be driven untreated, 
however, the bark should be left on, except for tlie portion pro- 
jecting above high-water level. 

Plank Coating. — Strips of wood nailed tightly together around 
tlie pile will ward off attack for a short period, but their value is 
only temporary. 

Nail Coating. — Flat-headed nails resembling upholsterers 
tacks driven into the pile close together will prolong the life 
of the pile. It seems that the iron rust formed by the nails is 
avoided by some of the marine borers, especially the lirnnoria. 
The method is, however, expensive and awkward and not 
recommended. 

Metal Coating. — Sheets of zinc or (;opper nailed around the 
pile at those points subject to borer attacks will effectively pro- 
tect the pile as long as they last. (See Plato XVIII, Fig. C.) 
Care should be taken, however, to make all joints tight. The 
coating will corrode in time and is liable to puncture by floating 
debris, but this method of treatment is efficacious. 

Burlap Coatings. — These are made by coating tlie pile where it 
is subject to attack with various mixtures such as coal-tar, pitch, 
asphaltum, sand, etc., and wrapping the whole in several layers of 
burlap. Very good results have been secured from treatment 
of this kind. 



m THE 1‘iiESKiiVA Tiox OF srni nTFAL rnumt 
Cement Casings. ;,r,, /„ 

iw space lietween tlie easily; and the pile, and (2) wit.l, an 
veu'ui^ space of from 2 to 4 inches. 

The first are manufactured as foiiows: Tlw Imrk and knols are 
removed and Mu* pilr drivvii. A jacket of iron, wood^ or svwrr 
pipe is phired around it, and the space between jacket and pik^ 
which is from 2 to 4 inches wide, is tilled with hydraulic ct'nuaif. 
(See Plate XVI 1 1, D.) \\'h(‘n this ht'comes hard, tiie 

jacket is rem()V('d. Soim* jackets art* so made that they can he 
applit'd to the pile without disturhinj^ llie superstructure of Mk' 
wharf, thus makinjz: repairs to hroktai casings (*asy. 

The second class is composed of camient pij)es divided lonj^itu- 
dinally into two halves, which, wlu'ti placed to^(4her around 
the ])ile, are joined by a scarf joint k(‘V(‘d with a wooden plu^ 
soaked in hot tar. Tlu* int(*rv(*ninji: spact* l)('tw(‘(‘n pile and casing- 
is filled with sand. Tlu* chief advantage* of this kind of casing 
is the fact that leroken seedions can (*asily be r(^))laced without 
r(*moving the superslructun^ of th(‘ wharf. d''h(‘se tre'atments 
are very (‘fhcie'ut. 

Electrolysis. A canvas bag or curtain is i)laeed around tlu^ 
idle driven in position and an ehadrie current ])assed through the 
pile and the surrounding water. This liberates chlorine gas in 
the salt water and kills the borers in tlu^ pile. It is necessary, 
of course*, to apply this treatment from time to time, since it 
simply kills the l)orea‘s pre‘se*nt in tlie wood. The treatment is 
e*xpensive, but perfe)rms a peculiar fune;tie)n in being able to pro- 
te*ct piles alreaely set in pe>sition anel unelergoing attack. 

Impregnation with Coal-tar Creosote. — lA)r geuieral work, 
treatments with cejal-tar eaemsote*, by eitlier the Bethell or 
Bedling process (se*e (Jhapte*!- V for eletails of treatment), have? 
given rneest effective re^sults. It is neces.sary, however, to inject 
large epjantities of the? edl inte) the? we^od (18 to 24 pe)unels per cubie? 
foot) if the pile*s are sul)ject to seve?re attae'k. This greatly 
ineaeases the cost of the tre?atment. However, piles properly 
treateel in this manner have been known to last for 30 years, 
while untreated pile*s se?t in similar waters are completely de- 
strejye?el in 5 years. While this rnethexl of treatment is the best 
known, it leaves much to be desired. It is, as has just been 
stated, very costly, bhirthermore, several cases have been called 
to the author’s attention where the piling so treated has not 
^ Circular 128, U. 8. Forest S<?rvice. 
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withstood attuck, especially of the limiioria and xylotria, and 
f;iik'(l ill l(‘ss than 8 years after it was driven. Tliere is a 
(lisliiict need for a good preservative which can he used in 
treiitiiig idling set in waters badly infected with marine borers. 
(S(‘e Plate XIX, Figs. A and 11.) 

It seems tluit a more economical imdliod of tn'atment than 
is now iiraetised could b(‘ devised. As has already been pointed 
out, that portion of the pile driven below mud line needs no pro- 
tection, yet in present methods it receives even more oil than 
lli(^ iTst. Furthermore, the portion of tin* pii(‘ above high-water 
mark does not recpiire as heavy injection as that portion in the 
water. If a plant could be constructed which could bo tilted 
vortK'ally after the piles are run into it, and only a iiortion of 
th(‘ j)il(; impregnated, it is believcal much expense could bo saved. 
Such a plant would also b(‘ admirable for butt-treating poles 
under pressuriu 

The seh'ction of tlu‘ [irocess to b(‘ used in treating jnles largidy de- 
puiids ui)on local conditions. If th(‘ watiu's are com]iarat ively free 
from borers, such as in our more northern harbors on the Atlantic 
t oast, 01 if th(^ waters are brackish, a comparatively light treat- 
mmit with creosote (10 to 14 pounds per cubic foot) is sufficient, 
f, how(,vei, th(j borers abound as at (lulfport. JMiss., and San 
liancisco. Cab, the heaviest impregnations should be used. 

H lnu-e th(‘ piling can be protected from lloating debris, casings 
of cement or metal jis described above are also effective. These 
(un also be placed over idling already driven into position if it is 
lound attack is taking place. Treatments with burlap, soaked 
u.s already described, give good results even in waters badly 
•11 u ted. bo far as is at present known, heavy imju’egnations 
''•ti coal-tar creosote are, when all things are considered, the 
••lost effective that can bo given, and they are recommended for 
•‘II places where attack is severe. 

Cost of Treating Piling. — The total cost of treating piling by 
“ standard full-cell creosote process including the removal of 

strips of inner bark or “skin'’ left after the piles have been 

Iaule 28. — Estimated Cost of Tueatino Piling with 


CitBOSOTE 


Item 

Pi'P cubic foot (cents) 

Cost ol peeling and handling at plant. 

1. 0-2.5 

16 5 

of preservative . 

t ost of treatment 

3 5-G 0 

cost of treatment. . . 

21.0-25.0 
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roughly peeled in the woods is given in Table 28, where oil is 
figured at 9 cents a gallon of 8.75 pounds, the piles are steam- 
seasoned, and 16 pounds of oil per cubic foot are injected. 

Economy in Treating Piling. — The cost of treating and driving 
piling as well as the life secured from it are all so variable tlint 
general figures arc of value only as an illustration. In prepar- 
ing the general estimates given in Table 29, two conditions 
are illustrated, case (A) where piling is driven in salt wab^r 
where attack by marine borers is light, and case (B) where 
attack is severe. In the former it is assumed that a treatment 
of 16 pounds of creosote per cubic foot is given, while in the lattc^r 
22 pounds are injected. The cost of driving the piling including 
the superstructure bolted to them is taken as $6 per pile, and all 
piles are assumed to be 40 feet in length and to contain about 
25 cubic feet each. Variations of at least 100 percent in the 
estimated annual savings either way can be expected because 
of the extremely varying conditions under which piling is used. 


Table 20. — Estimated Economy in Treatinc. Piling^ 


Item 

Case A 

CaH« B 

Life of untreated piling — years 

8 

3 

Life of treated piling — years 

25 

IS 

Cost of untreated piling — driven in place 

S8.50 

$8.50 

Cost of treated piling — driven in place 

$14.75 

$16.50 

Annual charge — untreated piling 

$1.32 

$3.12 

Annual charge — treated piling 

$1.03 

$1.40 

Annual saving — treated over untreated 

$0.29 

$1.72 


The Preservative Treatment of Wooden. Boats. — If wooden 
boats are used in salt water which contains marine borers, they 
are very subject to attack and unless properly protected their 
bottoms may be entirely destroyed in a year or less. For light 
boats which can be readily hauled out of the water, repeated 
coatings with copper paint will prove effective. Heavier boats 
should be protected with sheet copper nailed securely to the 
bottom. Barges and similar craft should have their bottoms 
built of lumber heavily creosoted, 12 or more pounds per cubic 
foot l)eing injected. Even under these conditions, attack is very 
liable to occur. If fresh-water moorings are accessible the borers 
in the boats can be killed by anchoring the boats for a few days 
in fresh water. 


* Interest compounded annually at 5 percent. 





Plate XIX 



Pui. A. Sections of lonfi;le:if pine piles :ift<‘r ‘21 months’ exposure to the 
'h(;ick of imirine hovers at (Uilfport, Miss. Section to the right, untreated; 
'"‘ clioii to th(! h'ft, impregnated with a crude oil. (Forest Service photo.) 

(/'’(U'lUf/ vmje ISO ) 



Plate XIX 



Fk;. H. — Frit pine piles cimiplclrly desl royc'd hy iii;ii iiie wooti Ixirers. 

Santji Kosa Island. Fla. (Forest Servie<‘ i)h()to.) 
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Wood in boats not su^ect to attack by borers is often quickly 
decayed, as the moist ‘[^conditions of the air in them is very 
favorable to the growth of fungi. It is a very good plan to brush- 
treat with creosote or carbolineum all such joints subject to 
decay. The author has had considerable experience in protecting 
small fresh-water boats in this manner and has entirely eliminated 
decay. Of course, the portions so treated cannot be painted, 
as paint will not adhere to the creosoted wood. In barges and 
boats where artistic effects are not essential, all lumber subject 
to decay can be profitably creosoted by one of the empty-cell 
methods. This will protect the wood from rotting without 
increasing its weight very materially. 

Although no cases arc known of where it has been tried, it is 
believed that the life of small pleasure boats subject to decay 
can be materially prolonged if they are filled in the spring with a 
.‘1 percent solution of copper sulphate or a 1 percent solution of 
mercuric chloride and allowed to soak in this solution for several 
days before they are run into the water. These solutions should 
soak into the joints and permeate the partially decayed wood, 
thus killing whatever fungi might be present. 



CHAPTER XII 


PROLONGING THE LIFE OF MINE TIMBERS 

On account of the warm damp air wliich exists in many mines, 
tim})or placed in them is very subject to attack l)y decay and in- 
sects. As the methods which will eliminate decay will also elimi- 
nate insects, no dilTerentiation in treatment is specified. It is 
very common for mine tind)ers, a foot or more in thickness, to 
become completely decayed in less than 2 yc'ars if set untreated, 
The expense of resettinjj: the.se timbers is ^reat, and, furthermore, 
such replacements j^enerally interf(‘re with the working of the 
mine. This is particularly tru(‘ in coal and iron mini's. In 
many mines the walls arc' of solid rock so that little timber is neces- 
sary, and evi'U this is often not subject to rai)id decay. Also, in 
ti'inporary workinj»;s, where the props are ('ither left standinji or 
“pulled” after the coal or orc' has Ix'i'ii removed, a jn*eservative 
treatment is unnecessary. Rut for permanent shafts and 
j^angways it is Idj^hly advisable to .so treat tin' timbers that 
greatest life can be secured from them and thus the working of 
tlie ndne will be lea.st interfered with. Several mine com- 
panies in the United Statess are using treated timber and have 
secured excelh'iit results. As the workings are extended deeper 
and (h'eper, the ni'cd for a preservative treatment is found 
to becouK' more acute. 

Selection of Species. — It is the practice at mast mines to use 
any kind of wood which is avjiilablc and is large enough for the 
purpose desired. Preference is, of coursi*, given to those varieties 
which are most durable, d’his freedom in the selection of 
species must be considered bad practice on the part of the mine 
operator, for aside from the largo expense and trouble to which 
h(! is put in replacing the decayed timber, he is filling his mines 
with the mycelia of the de.structivc fungi. Sanitation of timber 
in such conditions is advisable if contamination is to be pre- 
vented, just as it is among human beings where some are 
affected with a contagious disea.se. 

Strength, form, and durability are the inherent properties 
188 
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rofjiiired of a good iniiie timber, but if a preservative treatment is 
to l)e given, adaptal)ility to treatment can be substituted for 
jiatuial durability. As mine timbers, exc(‘pt for shifting and 
'‘long walls,” are generally short, they are not so difhcult to fur- 
nish as tindx'r for poles and piles, and consecpiently the mine 
oporator has a wider choice of species at his coniinaiid. If the 
tindxTS are to be set untreated, dural)l(‘ woods should be 
soh'cted for the permanent workings, such as osage orange, 
black locust, white oaks, chestnut; or if strengtli is not so 
important, the cedars, cypress, etc. The more heartwood they 
have the longer will be the life secured. 

When treated, the red oak, maph*, birch, Ixmch, the hard 
piiu's, fir, elm, etc., are good woods where great strength is 
required, and for workings re{(uiring h'ss strength most any wood 
liaving an inch or more of sapwood can be used to advantage. 

The Manufacture of Mine Timbers.- in i)ermanent workings, 
wlK'ther the timb(n's are to l)e set treatcal or untreated, they 
should be pe(*led Ix'fore th(‘y are placed in the mine. This in 
itself will increas(' their duralnlity and destroy the breeding places 
for many wood-destroying insects, 'fo peid timber in the woods 
or !ii the shipping point elfects a saving in freight and in the cost 
of handling. The weight of the bark usually amounts to from 
() to b) percent of the origiiial green weight. If the timbers are 
to be tnaited, they should be framed to (*xact dimensions so that 
no cutting into the treated surface will be nece.s.sarv. I nless 
there is some good reason to the contrary, all timbers intended 
for treatment should l)e left round. Slabbing them only (‘xpo.ses 
the heartwood and hence decrea.ses the effectiveness of the 
treatment. 

Methods of Seasoning. — Wlum mine timbers are set untreated 
t here is little or no advantage gained in seasoning them before plac- 
ing them in the mine. If th(‘y are to l)e treated, however, season- 
ing is advisable, as it enal)les better re.sults to bo securoil. Air 
seasoning is recommended, unless for some local reason it can- 
not be practised. Props and other round timbers can b(^ piled 
on skids in the same manner as poles (see Chapter IX). Mine 
ties can bo piled like railroad ties (see (ffiapter VIII). Lumber 
and sawed stock should bo piled with liberal air courses be- 
tween the planks, and with as small an area as possible in contact. 
The rules as given in Chapter IV for the selection and care of the 
J^oasoning yard should be followed. 
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The length of time necessary to air season the timbers of cours(' 
varies considerably (see Chapter IV). In general, 1 or 2 
months are sufficient. Fig. 23 shows the rate at which loblolly 
pine and red oak props and ties air-seasoned in Pennsylvania and 
Alabama. Whenever possil)le, timber should be seasoned befor(‘ 
shipment, as a considerable saving in freight will result. If it is 
not practicalde to air season the timber, it can be seasoned in 
steam or oil as described in Chapter IV. The length of time nec- 
essary to do this will, of course, vary with each kind and form of 



timber and with the character of treatment desired, so that each 
plant will have to work out its own best operative conditions. 
The instructions already given in Chapters IV and V should be 
consulted for helpful suggestions. 

METHODS OF TREATMENT AND THEIR SELECTION 

Mine Ties. — The methods of treating mine ties do not differ in 
any essential way from the treatment of cross-ties described 
in Chapter VIII. If the mines are dry, treatments with zinc 
chloride or any empty-cell treatment with creosote will prove 
very satisfactory. On the other hand, if the ties are liabhi 
to be wet or alternately dry and wet, heavier injections of 
^ From Bulletin 107, United States Forest Service. 
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creosote are best. Ties constantly in water need no treatment 
whatever. 

Mine Props. — Under this heading are included props, legs, 
collars, and caps. The cheapest treatment consists in brush- 
tr(‘atiiig these with coal-tar creosote, and if the preservative is 
;il)plied to the ends and joints as well as the sides, several years 
increase in life will be secured, so that the cost of the opera- 
tion will more than pay for itself. Such treatments should, 
of course, be applied to the timbers before they arc placed 
in the mine. If dipped, bettor results will be secured than 
l)y inush-treating, as all checks will be coated with the pre- 
servative. 

Impregnation treatments have given by far the most satis- 
factory results. Three processes are recommended, the Burnett, 
tli(! empty-cell and the full-cell creosote. If decay is not un- 
usually severe and if the timbers are lialde to l)c broken by crush 
or “squeeze,’' the Burnett process is recommended. Excellent 
rc'sults can bo secured from it. If the timbers are set in mines 
whore there is much moisture and where decay is very rapid, 
tioatments with creosote should be used, the empty-cell method 
hiuiig employed for porous woods containing much sapwood, as 
lohlolly and shortleaf pines, etc., and the full-cell process where 
tli(i timbers arc refractory and the percentage of sapwood small, 
as ill Doughis fir, hemlock, and hewed timbers generally. One- 
half pound of zinc chloride per cubic foot is sufficient for tlie Bur- 
nett-treated timbers. Six to 12 pounds per cubic foot is sufficiently 
he;ivy for the creosoted timbers. All these timbers can be handled 
in precisely the same manner as in treating ties. 

d'he practice of sawing off treated mine timbers in order to 
niako them fit is bad. It can often be avoided by using com- 
paratively short timbers and wedging them into place by means of 
ci'cosoted wedges or caps. In this manner much valuable timlier 
^'aii be saved and decay greatly retarded. 

Square Sets. — If these are made of round timbers they can be 
Eiudled in the same manner as props. If the timbers arc sawed 
nr hewn and are not susceptible to treatment, the full-cell creosote 
treatment is recommended. Care should be taken to see that 
tlio ends especially are well protected, and if for any reason 

is necessary to retrim these timbers after they have lieen 
treated, such places should be brushed over with one or more 
noats of creosote. 
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Lagging.— It seldom pays to treat lagging, but if the lagging is 
made of sawaal limd)er, a treatment with ziiw chloride can 
profitably be given. The chief advantage in treating lagging 
rests in retarding the spnnid of the wood-destr()ying fungi. 

The Treatment of Mine Timbers in Relation to Fire. — This is a 
very important matter, as nothing should be |)laced in the niinos 
which will increase the fire hazard. All timbers treati'd with 
zinc chloride will be more fire resistant than untreated tiinhcrs. 
Furthermore, tiiis salt tends to keep tlie timliers moist, and 
hence under pressure they will act more like gri'cii timber, viz,, 
bend considerably before they break. Much importance is 
attaclied to this ])roperty l)y some mine operators, as it gives a 
warning to the men in case of a crush or fall of rock or earth. 

In all cases, timix'rs which are creosoted should first be air 
seasoned for at least 1 month before th(‘y are placed in the 
mines. This will enable the lighter portions of the oil to 
evaporate and will decrease very materially the ease with which 
the timber can be ignited. After it has once air seasoned, 
creosoted timber is not (‘asily ignited. It is possible to hang the 
naked flame of a miner’s torch or lamp on such timber without 
injury other than a charring of the suiface. If however, the 
timber once ignite.s, it will burn freely and, unfortunately, emit 
dense clouds of black smoke. Fire in creosoted timber is, how- 
ever, easily extinguished. The author witnessed the effect of a 
fire in a mine shaft, built of half untn‘at(‘d and half creosoted 
props, where the fiann's shot from the moutli of the shaft. The 
fire was extinguished by smothering the shaft. An examination 
made after the fire showed nearly all of the untreated props 
destroyed, while tho.s(‘ creosoted were simply charred on the 
surface and still .serviceabh;. There is little doubt, however, but 
what zinc-tr(‘at(Ml timl)ers in mines are pref(;rable to creosoted 
tini})crs when judged from a fire-hazard standpoint. They are 
not only fire n’sistant in thern.selves, but they do not emit odors 
which may b(’ ol)jected to by the workmen and hence cause 
anxiety among them. For further information on the inflam- 
mability of timber treated with zinc chloride and creosote, the 
reader is referred to (’hapter XVI. 

Cost of Treatments. — Table 30 gives an e.stimated cost of 
treating mine timbers. It is assumed that creosote costs 1 cent 
per pound, zinc chloride 4 cents per pound, peeling and sea.soning 
about 1 cent per cubic foot, brush-treating about 15 cents per 



Fui. A.— CiUif^way of in^atod luino timhors, Potlsvillo, I’a. (Forest Service 
photo. ) 
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Fig. B.— Rank growth of fungus on mine timbers. 

(Facinrj pa/je 192 .) 
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set, and impregnating about 2 cents per cubic foot. A sufficiently 
close estimate on the cost of treating mine tics can be secured 
from a direct comparison with cross-tics already given, making 
allowance, of course, for the differences in volume between the 
two. 

TaBLK 80. — lOsTIMATEI) CoST OF UnTUKATKI) AND TuKATKD PlNE 
Gan(JWay Sets 


(One act consiats of one 7-foot collar, one 9-foot Ick, and one lO-foot Icr; average 
diameter of timber about 1.3 inches) 


Method of treatment 

Amt. of pre- 
servative u.scd 
p<ir Met 

j Coat of 

1 preac^rva- 
j tive 

Coat of peel- 
ing, aeaaoninK 
i treat int? 

I'otal 
coat of 
aet in 
mine 

1 

lb. 

$ 

1 * 

$ 

8.50 

Peeled and seasoned 



0.26 

8 . 76 

Brush- trtm ted — creo.sote 

28 

0.28 

0.40 

9.18 

Empty-cell process 

130 1 

1 30 

0.80 ! 

10.60 

Full-cell process (Bothell) .... 

312 1 

3.12 

0.80 

12.42 

Burnett process 

13 

()..52 

0.80 ; 

9 . 82 


In western United States the cost of treating mine timbers is 
high. Some figures secured from practice in Montana in treating 


stpiare timbers arc as follows P 

Cost of untreated sets: 

1127 feet B.M. squared timbers, at $20.50 per M B.M $25.. 36 

FraminiE: timbers ^ 13.50 

Cost of la{j;ginf 2 :, at $15 per M B.M 5.90 

Switching and unloading charges 0.85 

Cost of placing set 18.00 


Total cost of untreated set in place $63.61 

Cost of treatment: 

Cost of treating, including interest, depreciation, fuel, and labor 

charges 3.34 

Cost of creosote, at 15.6 cents per gallon; absorption 4.5 pounds 

per cubic foot 8.03 

Loading and unloading charges 1.23 


Total cost of treatment 12.60 

Total cost of treated set in place 76.21 


Ecomony of Treatments— Because of the rapidity with which 
timber placed in most mines decays, the economy due to its 
treatment is very striking. As stated in the opening of this chap- 

‘ Bulletin 107, United States Forest Service. 
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ter, it is not advisable to treat all of the tinibcr which is placed in 
the mine becanse nuicli of it is intended to servo only a shoii 
period. But for permanent sliafts, ganjjjways and entries it will 
almost invariably 1)0 found that a treating process of some sort is 
advisable and will result in a marked economy. Fortunat(‘ly, 
some reliable rc'cords on the life of treated timb(M' in mines is 
available on which fairly accurate estimates of economy can Ix' 
based. (See C'hapter XX, Reliable Records on the Life of 4>e[it(Ml 
Timbers.) Excluding all failures from crush and fire, which may 
be nil or total, the economies that may reasonably be expectcxl 
when such woods as pine, red oak, etc., are used are shown in 
Talde 31. 


'Fahle ill. — E stimated ANNCAii CuAiKiES oe Thj^ated a\i) Untreated 
Mine Sn'm 

(inD'rciit f) percent compounded annually) 


Metliod of treatment 

1 Life of 

1 timber 

Coat of 

Annual 


(yearH) 

in itiines 

charges 

Untreated 

' 2 

$8,. 50 

$4.89 

Brush-treatt'd — creosote 

5 

9.18 

2.12 

Burnett process 

10 

9.82 

1.27 

Empty-cell proce.ss 

11 

10.00 

1 1.27 

Full-cell process ( Bothell) 

If) 

12.42 

^ 1.19 




CHAPTER XIII 


PROLONGING THE LIFE OF PAVING BLOCKS 

Progress of Wood Paving. — “The first use of wood for i)avirig is said 
io have been in Russia, where crude blocks were laid several centuries 
;igo. Wood was introduced into New York City in 1835 3G, and into 
London in 1839. Continental hiurope was slower to take it up. 

During tlie first 30 years of wood paving in England and America 
the chief consideration seems to have been tlie form of block. The large 
and une.fiual interstices between the round blocks then commordy used 
permitted the edges to wear off ra})idly into a corduroy condition which 
was uncomfortable to the traveler, and which hindered both drainage and 
cleaning, thus making the pavement unsanitary and hastening its decay. 
9\) remedy this, other forms of block were devised, many of which were 
patented. 

In the United States perhaps the most consj)icuous of those blocks was 
the ‘Nicholson,’ ])atcntcd in 1848 and laid extensively in the 10 years 
followii\g the civil war. The block was rectangular, which gave ecjual 
intcrs1i(;es; but this by no means solved the problem, and results were 
no better than before. Little thought was given to the kind of wood 
used, and as soft a wood as white i)ine was frecpiently laid. The blocks 
were neither seasoned nor treated with chemical preservatives, and 
(pnckly decayed. Wide joints permitted water to get under the pave- 
ment, where it was absorbed l)y the blocks, with the result that they 
swelled, so that the pavement often heaved from its foundation. Fin- 
ally, the foundation was usually of untreated plai\ks, laid directly upon 
earth, so that they soon decayed, while the pavement sank into ruts 
and holes. 

Round blocks, mostly of cedar, were extensively laid in the Middle 
West. They made neither a durable pavement nor in any way a satis- 
fa,(dory one. But they were cheap and served a good purpose in tiding 
fast-growing cities over a critical period. There have also been laid in 
various cities pavements of oak, cypress, white pine, hemlock, Washing- 
ton red cedar, cottonwood, mesquite, Osage orange, redwood, Douglas 
fir, and tamarack. In nearly all these cases the blocks were untreated, 
or at most dipped or boiled for a short time in tar, asphalt, or other mix- 
ture of supjioSed preservative value, and they failed to give satisfactory 
results. Untreated American red gum was tried in England, and for a 
time raised great hopes, but it finally jiroved unsatisfactory. 

195 
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Some species of eucalyptus, especially karri (Eucalyptus diversicolor) 
and jarrali (IC. mar^?inata), which arc very dense, hard, Australian woods, 
have been laid extensively in Enj^land. In London these woods have 
shown a life of from fifteen to twenty years, but continued use has not 
entirely justified the hopes first entertained for them. Their structure is 
too dense to permit impreKiiatioii with chemical antise])tics, without 
which they absorb water and swell. They wear much more sli[)pery 
than most native' woods, and they are not immune from decay, thouRli 
because of certain antiseptic gum-resins which they contain they are 
more so than any untreated native woods. In England, however, they 
are still used. Jarrali blocks were laid on Twentieth Street, New York 
City, in 1895, but were removed in 1904. The cost of this pavement was 
about $5 per square yard, wliich would exclude these woods from exten- 
sive use in America even should they make a better pavement than our 
best creosoted native woods, which is not likely.”^ 

The failure of the untn'uted woods turned attention to blocks 
artificially preserved. One of the earliest reiiords in our (country 
is in the city of Oalveston, Texas, which laid some creosoted pine 
blocks in 1873. These blocks gave satisfactory service for 30 
yi'ars, when they were destroyed by a flood. Little [irogress was 
made in advancing the use of wood blocks until within the past 
10 years, when the demand for a high-class pavement, especially 
in large cities, caused a big increase in the number laid. This 
growth is shown by the following table: 


Table ,32. — Amount of Wood Used Annually in the United States 
FOR Pavin<i Blocks 


Y«?;tr 

Amount of wood uwil — euhio fcM.'t'* 

1907 

2, 874, ,560 

1008 

1,260,020 

1009 

2,004,200 

1010 

4,602,4.53 

1011 

10,14.5,724 

1012 

7,307,00.5 


= divide figures given by 2.62,5 to convert into sijiiare yards. 


Mr. George W. Tillson, Chief Engineer, Bureau of Highways 
of New York City, conducted an inquiry on the comparative 
value of various forms of pavements in which the opinions of 
several city engineers were asked in regard to the salient points 
to be considered in judging a street pavement. Mr. Tillson 
summarized these opinions in his book entitled “Street Paving 

^ Extract Circular 141, United States Forest Service, 
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and Paving Materials.’^ The results of this investigation arc 
given in Tal)le 33. 


Table 33.— Comparative Value of Different Pavements 


Pavcriu'iit qualities 

Per- 
ce nt- 

ngo 

Gran- 

ite 

Sand- 

stone 

As- 

phalt 

(sheet) 

A.s- 

phalt 

(block) 

nri 

•k 

Mac- 

adam 

Creo- 

scjted 

wood 

Cliciipncss (first cost) . . 

14 

4.0 

4.0 

0.5 

0.5 

7 

0 

14 

0 

4.5 

Durability 

20 

20.0 

17.5 

10.0 

14.0 

12 

5 

0 

0 

14.0 

Ease of maintenanco.. . 

10 

9.5 

10.0 

7.5 

8.0 

8 

5 

4 

5 

9.5 

I'lase of cleaning 

14 

10.0 

11.0 

14.0 

14.0 

12 

5 

0 

0 

14.0 

Low traction resi.stanee. 

14 

8.5 

9.5 

11.0 

13.5 

12 

5 

8 

0 

14.0 

Freedom from alipperi- 











ness (average of con- 











ditions) 

7 

5.5 

i 7.0 

3.5 

4.5 

5 

. 5 

0 

5 

4.0 

Favorablenesa to travel 

4 

2.5 

! 3.5 

4.0 

3.5 

3 

.0 , 

3 

0 

3.5 

Aceept.ability 

4 

2.0 

2.5 

3.5 

3.5 

2 

. 5 

2 

5 

4.0 

Sanitary quality 

13 

9.0 

8.5 

13.0 

12.0 

10 

.5 

4, 

, 5 

12.5 

Total number of points 

1 , 

100 

! 71.0 

1 

1 73.5 

70.0 

79.5 

74, 

,5’ 


,0 

80,0 

Average cost p(!r squan? 


1 $3.20 









yard, laid, 100.5 



$3.. 50 

' $2.. 30 

$2.29 

$2, 

.00 

$0, 

.1)9 

$3.10 


FiivonihlenoH.s to travel is dependent chiefly upon smoothness and freedom from dust and 
mud, secondarily upon the qualities composing "Acceptability.” 

Acceptability includes noise, reflection of light, radiation of heat, emission of unpleasant 
odors, etc. It chiefly coneerna the pedestrian and the adjoining resident. 

Cost per square yard includes concrete, but not excavation, curbing, etc.; except for 
macadam, which is not usually laid on concrete. 

Other investigators have attempted similar comparative 
studies, and wliile no two of them agree in all respects, a high 
rating is given to wood-block pavement in regard to its noise- 
lessne.ss, durability, and sanitation. 

On the other hand, the pavement has been severely criticized 
on account of its high initial cost and troubles experienced with 
slipperiness, expansion or buckling, and the exudation of oil, or 
“bleeding.” From investigations which have been conducted, 
it is believed that much progress has been made in overcoming 
some of these olijections and that before long all of them, except 
perhaps high initial cost, will be eliminated. 

Selection of Species. — At present most of the wood blocks used 
(over three-fourths of the total number) are cut from the “south- 
ern yellow pine.” This is rather indefinite as regards the exact 
species, as the term may include the longleaf, shortleaf, Cuban, 
er even loblolly pines. What is wanted, undoubtedly, is the 
longleaf pine, but according to present practice there is no 
eertain way of telling these various pines apart except by a most 
careful microscopic examination, which in commerical work is. 
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of course, impracticable. Hpccifyinj^ a certain iiuml)er of i‘iii^s 
per inch is of assistance but is by no means certain. As the 
strength of wood is directly proportional to its dry weight, it is 
believed that a specification cou})ling rings per inch with diy 
w('ight would give the engineer more definitely what he desires, 
liranding lumber at its point of production would also l)e of 
assistance' to the inspeclor. 

In addition to the “southern yellow pine,” blocks made of 
Douglas fir, red gum, tamarack, larch, and Norway pine are also 
used, although in comparatively small amounts. 

The intrinsic i)roperties demanded of a good block wood ai e 
resistance to wear, uniformity in .strindure and freedom from 
defects, adaptabil'ty to treatinent, and ability to hold its shape 
after treatment. These re(|uirements couphal with a rea.sonably 
low cost limit vi'r}^ materially the numbei’of woods which can be 
used. In addition to the woods already mentioned, it is beli(ived 
the following are worthy of trial : Beech, birch, black gum, maple 
sycamore, tupelo, hemlock, lodgepole and west(u-n y('llow pines, 
ddiey will, of cour.se, have to be handled somewhat different 
from standard practice, but some of them possess desirable 
qualiti(‘s for street pavements. 

Blocks which are cut from a very hard wood have a tendency 
to wear smooth, so that unless the [)avement is sanded periodically 
they may prove too slip|)ery for satisfactory use. If some of the 
woods above suggested give good .services in pavements, it should 
tend in certain causes to lower the initial cost of wood-block 
pavements. 

The Manufacture of Paving Blocks. — Paving blocks are usually 
cut from [)laMks of varying lengths, about 8 1 /2 to t inches thick, 
and 6 to 10 inches wide. These; are fed into the paving-block 
machine, which is fitted with a series of saws so s[)aced as to cut 
the blocks to exact depth. In this inaniKU’ many blocks are cut 
at one time. The capacity of the machine varies but good 
machines can turn out 200 square yards of 4-inch blocks per 
hour. On leaving the block machine, the blocks fall onto a 
conveyor, where they are inspected and all imperfect ones 
removed. The rest are carried mechanically to the treating cylin- 
der or cylinder cars and dumped automati(;ally. It is very 
important that the blocks be cut to an exact depth, for if this is 
not done the sui-face of the pavement will bo uneven and its wear 
greatly augmented. The prevailing depth of blocks for street 
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work varies from 15 to 4 inclics, the smaller being used for light 
Mild the larger for heavy traffic. In Europe the practice is 
in use deeper blocks than in our country. This, of course, greatly 
increases the cost of the pavement but is claimed to give longer 
life and greabn- resilience. It is Ixfficved that the (|UCstion of 
])rnper depth of the block is not givcm the attcmtion to which it is 
(‘iititlc'd. As all woods vary in strength, it is only reasonable to 
cut them to different depths depending upon their strength. 
Blocks are laid with the grain vertical. This subjects them to 
sliear parallel to the grain, which is the weakest direction in which 
a load can be a])plied. J'kiilure from shear is tlaaefore gi iait, and 
many blocks have been shattered in ])ractice because of such 
failure. It is belicwed, thcrcfon*, that if best service is to bo 
s('eured, blocks low in sliear should be cut to greater depths than 
blocks which are high. 

The planks from whiiih the lilocks are cut are generally air 
seasoned. It is believed unnecessary to do this, in fact some- 
times inadvisable. If cut from green jilanks, the blocks will be 
ti'oated at their maximum siz(‘, so tliat (hinger from expansion 
aft(‘r th(\y are }ilac('d in a streid, will be h'ssimed. Most woods 
treat easiest in the direction of the grain, so that the problem of 
scMaii'ing a good penetration in blocks only a few inclu's in length 
is not a ditfi(;ult one. 

Specifications for jiaving blocks vary considerably. The fol- 
lowing is a fair sample of what is gem'rally requinui : The blocks 
shall be made of prime, sound timber, and no wood averaging 
less than G rings to the inch, measured radially from the center of 
the heart shall be used or wood that is poorly manufactuj-ed and 
contains loose knots, worm hoh'S, and otlau- defects. The lilocks 
shall be from 5 to 10 inches long, 3 to 4 inches in depth parallel to 
the grain depending upon traffic, and 3 to 4 inches in width, pro- 
vided all lilocks furnished for one street are of uniform width and 
d('pth. A variation of I/IG inch in depth and J/S inch in width 
will be allowed. 

Methods of Treatment. — Nearly all of the paving blocks 
treated in the United States are impregnated with coal-tar 
creosote, either alone or in mixture with tar, by the full-cell 
method. In a few cases, the blocks are simply dipped in oil 
(creosote or carboliiieum) and lately the zinc-creosote process 
has been advocated for blocks used in factories and shops. A 
common method consists in placing the air-seasoned blocks in a 
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troating fylindor (and soniotiinos drawing a vacuum), after whi(*li 
the oil is admitted and forced into them under a pressure of about 
150 j)oimds ])er square inch until the desired amount is absorl) 0 (l. 
The cyliiuh'r is then drained of excess oil and a vacuum drawn for 
about 1/2 hour to dry the blocks, after which they are removed 
and are ready for use. 'J'his practice is modified by certain opera- 
tors, wlio steam tlie blocks after they are run into the cylimh'r 
and then j)ull a vacuum after the steaming period. A few opera- 
tors also steam the blocks after they havel)een impregnated with 
the oil. 

The amount and kind of oil injecUal varies (‘OJisid(‘rably, Nearly 
all specifications call for a heavy grad(‘, viz., one with a specific 
gravity of at least 1 .08 at 25° (\ and in some cas(‘s as high as 1.12. 
Many engineers allow the oil to be mixed with certain amounts of 
‘Tiltered tar” in onha to bring up its gravity. Some also allow 
water-gas-tar creosotes to la? mixed with the coal-tar creosote. The 
amount of oil napiired is generally 10 pounds jan- cubic foot, al- 
though this vari(‘s from 12 to 20. It can thus la? seen that the 
practice in treating bha’ks is by no m(*ans a uniform one, but dif- 
fers with the opinions of tin? various engineers. 

Th(? Chicago Ch’(‘o.soting Company has recently constructed a 
block f)lant wherein the cylin<l(*rs are ])lace(l v(‘rtically. (S(?(‘ 
Plate XI, Fig. D.) Th(‘ blocks are dunqaal into th(‘ top of tlu' 
cylinders by a me(*hanical conveyor. After the d(‘sired absorp- 
tion has liceui ol)tain(?d, the? excess oil is drained from the? (?ylin- 
ders, and a door in the ])ottom of the cylindea- is op(??ied allowing 
the bh)cks to fall directly into cars ready for shipment. ^Fliis 
m(?thod d(a?s away with cylindeT cars entirely and is (;laimed to 
cut down the cost of liaTidling. 

Troubles Experienced with Wood-block Paving. — It has al- 
ready be(?n stated that wood-block paving at times has serious 
objections. Unfortunately, the (?xact cause of these? difficulties 
is not known at pr(?.s(?Mt, .so that definite r(?medi(?s for all conditions 
cannot bo pr(?scrib(?d. Opinions and practice differ widely. The? 
chief objections are slipperiness, exudation of oil, and expansion of 
the blocks. 

Slipperines.s . — In general, the harder the blocks the smoother 
the pave?me?nt becomes. Blejcks of se)fter wood give, therefore, 
less tre>uble from s]ipperine?ss, but there is a limit to which the 
softness can ge), as blocks which are too soft will of course wear 
rapidly. 
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Oil and tar on tho siirfaco of th(^ pavomciit also increases 
sli|)])eriiiess. It is belicived that this cause; can bo largely over- 
come as will be (lis(niss(;(l below. 

If our streets wen; sandeel from time to time, as is done abroiid, 
the surface of the blocks would become roughened because the 
sand would embed itself in the wood. This should be done 
j)ariicularly in cold weather, when ice forms on the pavermait. 
Asphalt is also subject to the same objection in cold weatluT and a 
similar treatment should be given it. 

Exudation of Oil . — This is about the most troul)lesome objection 
raised against wood blocks, ddie oil and tar may at tinu's (‘xude 
to the surface and form a thick, disagreealdc; mat, which sticks 
to the feet of pedestrians and is geiuTally obj(;ctionabl(‘. In 
certain cili(‘s like ('hicago, the troul)le became so acute as to 
arouse bodies of citizens into a protest against what was term(;d 
the “black plague.” Other cities like Minneapolis have for- 
tumdcly been fi'ee from th(‘se troubles. It is probal)le that the 
exudation of oil, commonly calhal “l)leeding” or “ w(‘('|)ing,” 
is dm; to several causes, such as too heavy an impregnation, too 
much pitch or tar poiired into the joijits, too rapid-grown l)h)cks, 
imi)roper treatnuait, and too close laying of tlu; blocks, l^’rom 
observations and t(‘sts made l)y the author it is believed that 
bleeding can lx; (‘liminatcul if (1) only slow-grown wood is used 
for tlie blocks; (2) if green timber or steamed seasomxl timber 
is used; (A) if a strong preliminary and final vacuum is drawn 
before and after the oil is injected; (4) if when tar is us(hI the 
blocks arc steamed slightly aftcu* tho oil is injected; (5) if the 
ixaudrations are made comph‘te; ((i) if imi)regnations no greater 
than 1() pounds per caibic foot are given; (7) if straight coal-tar 
cr(‘osote or coal-tar creosote containing only small amounts of 
carbon-free tar is injected; (8) if the blocks aia; not laid too close 
together; (9) if excess tar or pitch is not poured betwt'en the 
joints. All of these requirements can be easily met without added 
cost. 

Expansion of the Blocks . — This is commonly called “mush- 
rooming,” “buckling,” or “pop ups.” (See Plate XXI, Pig. A.) 
The true cause of it is not known except, of course, that the 
blocks are under h(*avy pressure. If the blocks are laid very 
dry and close together there will be little room for expansion and 
the pavement will be very liable to buckle. It is believed that 
if the blocks are well penetrated so that their tendency to absorb 
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moistuiH' will 1)0 (lecroilsed, aro troatenl groeii or steam seasoiKul, 
arc laid fairly loose and have proper expansion joints, litth' or 
no troul)lo from buckling will be experienced. 

It is wasted elTort to try and make the blocks nonexpansivi', 
for no matt(;r how much oil is forced into them they will absorb 
more or less water in time. Furthermore, the oil and wood will 
expand duo to I’ise in temperature. Best practice, therefore, is to 
keej) the absorption of water to a minimum by proper treatment 
and to allow for expansion by carefully laying the pavement as 
descu'ibed above. 

Method of Laying Wood Blocks. — In street work, a concrete 
base about 4 to 8 inch(\s thick is first constructed, this having the 
desired crown. Over this is then placed a layer of coarse sand 
a})out 1 inch thick. The blocks are then laid on this smoothed 
sand cushion, after thich they are tamped and rolled into final 
position. Asphalt, grout, or hot pitch is then poured into the 
joints and further worked into them with a squeegee. The 
surface is then covered with sand and the pavement is ready for 
use. In a few days the excess sand is removed from the pavement. 

Experiments have been tried in doing away witli the sand 
cushion by pouring hot pitch directly over the concrete base ami 
em})edding the l)locks in it. These pavements have not been in 
service sufficiently long to judge of the results. 

The angle at which tlie l)locks are laid has also been tested. 
It is found that blocks laid at an angle of 071/2° with the curl) 
show least wear, those at 45° next, and those at 90° most. 

The character of filler to be used is still an open problem. 
Coal-tar pitch and asphalt seem to be preferred. The former is 
objectionable in that, if not properly applied, it will ooze to th(‘ 
surface. Asplialt is free from this objection but is more difficult 
to work into the joints. 

I^^xpansion joints are, at times, laid not only along the curb 
(about 1 inch in width on a 50-foot roadway) but crosswise. 

In some cities strips of wood about 1/4 inch thick arc 
placed between the blocks, thus leaving joints for a better footing 
of horses. This practice, however, is not common. 

When wood blocks are used on certain types of bridges, they 
are laid directly upon creosoted plank. This adds considerably 
to the lightness of the bridge and is considered a distinct 
advantage over other forms of pavement. 

Cost of Treatment. — The cost of treating wood paving blocks 
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J'k;. (’. Wdikinjr llu* tar filU'r into llu* juiuts of ;i tH'wly laid wood Mock 
paviaiM'iit. (J'’or('sl S<‘rvicc photo.; 



Fn;. J). Firu! Ix'atii.s in a hiiiidin^ c.omplctoly rotfixl in Mio (aid after d() 
years’ service, Madison, Wis. 
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varies with the kind of oil specified, the amount to be injected, the 
kitid and size of the block, and other peculiarities in the specifica- 
tions. If ordinary creosote is used it can be obtained for about 
8 cents per gallon. Generally, however, a higher grade is re- 
quired, wliich in some cases costs 12 to 15 cents or more per 
gallon. Assuming the cost of the oil to be 1 cent per pound 
and Ifi pounds to be injected per cul)ic foot, the cost of treating a 
s(]uarc yard of 3 1/2-ineh blocks will be about 45 to 50 cents, and 
of 1-inch blocks about 52 to 57 cents. This, of course, is but a 
fraction of the total cost of the pavement, which, in general, 
varies from about $2.20 to $3.70 per square yard, making it one 
of the most expensive pavements in use. 

Advantages of Wood-block Paving. — Wood-block pavements 
possess some very desirable properties, the chief ones being 
sanitation, durability, ease of repair, low traffic resistance, ease of 
cleaning, and absence of noise. Friends of the pavement will 
find many other points to extoll, but the above list may be 
considered conservative. 

Coal-tar creosote is a strong antiseptic, and as large quantities 
of it are for(;ed into the blocks, its presence alone tends to keep 
the street in a healthy, sanitary condition. 

The durability of wood blocks when properly laid is surprising. 
Data collected on a test pavement in Minneapolis, where ac- 
curate traffic records are kept over one of the busiest streets in 
the city, show a wear of about 1/32 inch per year. The expe- 
riences of several cities have shown the marked value of wood 
blocks in comparison with the durability of other kinds of 
pavement. There is no doubt but what the good results already 
obtained could be considerably bettered if American munici- 
palities only took better care of their pavements. In this respect 
Furope is far ahead of us. 

The ease with which wood-block pavements can bo repaired 
is all the more reason why better care should be taken of them. 
If a depression once starts it will grow rapidly until a considerable 
hollow is formed. The time to repair such failures is in their 
beginning when all that is necessary is to remove a few blocks, 
smooth the sand cushion, and add new ones. 

The depressions caused by vehicles and horses in asphalt on 
hot days is well known. This, of course, means the load is 
harder to pull. Wood blocks do not have this objection and 
because of their smooth surface make traffic run smooth. 
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The oven surface of wood-block pavenieiits ena})les them in 
be easily cleaned and, of course, adds to their santitation. 

It is perliaps tlie noiselessness of wood blocks which inakc's 
them so desirable, especially in con^ijestc'd business districts, 
and has eai’iied for them the title of th(‘ “silent paveimMit.” 
This (|uality has ])'aced wood-block pavements in hij;h refi'ard 
and is larjj;ely responsible for tlieir rapitl growth in our large 
cities. 

In all of the above, it has b(‘en assumed that tlie pavemenis 
were propc'rly laid, for if this is not done j)ooi‘ 7'esults ai’(' bound in 
follow. There is no unusual dilticulty in pro])erly laying a wood- 
block pavement. 

Wood Blocks for Barns, Factories, Etc.— Considcu abh' progress 
has l)een made within the past f('W years in introducing wood- 
block liooring in factori(‘s, car barns, ferry ships, etc,, where it 
has given good servic(‘. It is liked by tin' workimm in prefenaice 
to cement floors because' of its “touch.'’ It is durable, easily 
repaired, sanitary, and dustless. I'or use undei" such conditions 
the blocks are often cut smaller and treateal with h'ss oil than 
blocks intemded for st reeds. In fact, tin* Kue'ping and C’ard 
processe's are somedinies employe'el, thus elecreasing perce'ptibly 
the cost of tre'ating the blocks. The blocks are' laid in much the' 
same' manner as for stree't work e.\e*e'pt that the' angle of the' 
courses is ahiie)st invariably DO”. 
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PROLONGING THE LIFE OF SHINGLES 

SIiiiij!;I(‘s are suhjecit to coimiion forms of (h'stniction, (1) 
(l('c:iy and (2) fire. If made from durable woods, tlie problem 
of iirotectioii from decay is not serious, as shingle roofs may 
easily last 25 years or more. Protection from fire is of gnaater 
iiiiportaiice, esjiecially where the houses are close together. In 
congested districts the use of shingles is now almost entirely 
ohsoh'te. Ifow('V(‘r, shingh' roofs jiossess certain desirable 
projierties so that their use in dwellings will undoubtedly continue 
to be extensive. 

Selection of Species. — In round numbers about 15 billion 
shingles are used annually in the Pnited States, aiiout 75 per- 
c(Mit of whicli arc' of cedar- mostly the western red cedar of 
Whishington. N(‘xt in rank come cypress and yellow pine, each 
furnishing about 9 percent. Then redwood with 3 percent, wliite 
pine 2 percent, and spruce I percent. The other species such as 
chestnut, hemlock, western pine, and oak all furnish less than 
1 pf'rcent. With the ex(‘eption of oak and chestnut, the total 
cut of which is insignificant, it. will l)e noticed tliat all of the 
shingles are mad(‘ from coniferous woods. 

The ideal shingle is one which is light in weight, durable, and 
will “lay fiat” without checking, warping, or splitting. Western 
red cedar admirably nuM'ts t hese reiiuirements. lOxcellent service 
is also secured from cypn'ss and redwood shingles, both of which 
posse.ss remarkal)le dural)ility. 

Th(‘ best grades of shingles are cut only from clear timber free 
from all def(H*.ts. Sapwood is also (*xclud(‘d, siiua^ it is not very 
d(M*ay resistant. If, howevaw, the shingles are given a thorough 
pre^servative treatiiKuit. saj)wood should not be considered a 
defect, and in some cases treated sapwood shingles can be obtained 
at no greater cost than untreated shingh^s of all lu'artwood. 

METHODS OF TREATING SHINGLES 

Treating against Decay. — Tlui most common method of pro- 
tecting shingles from decay is to dip them in a preservative and 
205 
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after they have dried nail them on the roof. Tlna’c are several 
preservatives sold on the market for this pnr[)ose under the nani(> 
of “shin^h^ stain/’ whieh not only preserve the shingle hut color it. 
Tor best results, the shingles should l)(i thoroughly air dry wIkmi 
they are dipped and the preservative should be warm or evi'ii 
hot. As a general rule, only that portion of the sliingh^ whicli is 
expos(‘d is dipped, the upper or thinner portion being in tliis 
maiUKT covered by the treated portion of the shingle next above 
it on the roof. Itoofs laid in this rnaniKU’ arc; freqiKaitly givaai a 
final coating of preservative after they are laid, in order to iiisuif' 
a uniform color and the tnaitment of all exiiosed portions. 

C’heaper and less efficient results arc obtained if the shinglt's 
are simply brush-treated with the preservative after they ara^ laid. 
It is doubtful if ordinary paint preserves the life of shingles; in 
fact, it may hasten their decay. Paint is of value, howevaa’, in 
certain cases, in that it tends to make the shingles lie flat and 
hence previait leaks. 

Most (dficient results in treating shingh's against decay con- 
sists in imiiregnating them with the preservative, This is 
done cither in open tanks or pressure plants. The absor|)tiou 
of the pr(‘S('rvaf ive should not be so great as to uniu'cessarily 
incnaisi! tln^ cost of tln^ shingles or cause tlunn to oozi; and 
drip oil on hot days. An alisorption of 10 jiounds pm’ bundle 
is amj)le. In either of these processes the shingles can Ix' 
treated in the bundh', ])rovided they are not strapped too tight 
together. If the open-tank proc(‘ss is used (he shingles should 
l»e removed whih? hot; if the pressure proc(*ss is us(h1, a final 
vacuum should be drawn. Th(\se manipulations arc advisalde in 
order to dry the shingles. If treated in this manner sap shingh’s 
can be made as resistant to (haaiy as heart shingh‘s, and inb'rior 
shingle woods like hemlock and yellow pine made exceedingl.v 
durable. 

Shingles treataul with creosote or the so-called shingle-stains 
have a very strong odor which to many people is objectionable. 
This odor, however, decreases with ago and in time caaises en- 
tirely. Furthermore, the rain-water off a freshly treated roof is 
very liable to smell and taste of the preservative at least until the 
roof has been exposed for several weeks. 

Treating against Fire.- Practically nothing has l)eon done to 
date in treating shingles against fire. The recent agitation against 
shingle roofs in certain cities, has, however, caused considerable 
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interest in this matter and several concerns arc now at work 
•ittomptiiifr to render shingles noncomlnistihle. Ordinary fire- 
|)i(K)fing compounds like ammonium chlornh;, nmmoiiium })hos- 
etc., are ol )iectional)lo in that th(‘y are .solul)l(Mn water and 
consequently will soon bo washed from the wood. Tt is [)ossil)le, 
however, that their use might be rendered practicable by i)aint- 
ing the shingles treated in this manner with a wateiju-oof [)aint 
after they have l)een laid. A large variety of expca-iiiu'iits are 
now under way, some of which indicate lio|)e of a satisfactory 
solution of the problem, but at this writing no method that 
can be called succa^ssful is known. (Jreatest dangc'r from tire 
is c;Hised by the shingles curling and igniting from sparks or 
Itrands. If the shingles are made? to lie flat their liability to 
catch on fire from such sources is greatly decreased. Some of t he 
so-called “fireproof” paints now on the market are of value in 
this respect and tests known to the author have indicated that 
(naai ordinary paint will be found of material assistance. 

Cost of Treating Shingles. — If shingles are impreguati'd with 
cr(M)soto, the cost will be about $1.25 to $1.75 i)er thousand. If 
tlu^y are simply dipped into the creosote the cost will be about 
SO.tiO to $1.50 per thousand; if brush-treated with two coats after 
the roof is laid, al)Out $0.40 to $0.00 p(‘r 100 scpiart' baO. Shingle 
stains which cost from about $0.40 to$l per gallon make, of 
course, a more expensive treatment, the cost of dij)ping per thous- 
and being about$l.50 to $3.50, and forsimplybiaish-treating after 
the roof is laid about $0.60 to $1.50 per 100 square feet. 



(^IIAPTIOII XV 


PROLONGING THE LIFE OF LUMBER AND LOGS 

Methods of Treating Lumber for Rough Construction. — An 

immorise quantity of structural timber is used annually in thi; 
United States und(u- conditions which subject it to decay. Un- 
fortunately, only a small percentage is treated, so that our 
depreciation losses are both rapid and large. Of course, wherever 
the timber can be protected from the weather, or warm damj) at- 
mosphere, no artificial treatment is necessary, as it willu ndersucli 
condit ions last indefinitely. However, in l)ridges, tresthis, pi(Ts, 
walks, platforms, docks, etc., etc., where such timl)ers are us(m1, 
failure from decay is all too common. (See Plate XXI, Fig. D.) 
This is particularly true.if the wood comes in contact with tin' 
soil. While it is not possible to lay down a set of instructions 
which will cover all cas(‘s, ceitain general rules should, however, 
prove of direct value to those using this class of material. 

Whenever possible, all such timl)ers should be kept from 
contact with the ground. In many cases, they can be placa'd 
on concrete or stone piers, and by this simple treatment, their 
life considerably prolonged. 

Idle most effective treatment which can l)e given such timbers 
is to impregnate them with coal-tar creosote.' For severe cases, 
the full-cell process should be used; for less severe, the empty- 
cell or Card. From to 12 pounds of oil should be injected, 
depending upon local conditions. As .sapwood is just as strong as 
heartwood, the treatment of this kind often enables the use of 
sappy timbers, which, untreated, would not be used. Hence, 
specifications for the raw material can be made more lenient and 
the timber can frequently be secured at a lower initial price. All 
structural timbers injected with preservatives should be framed as 
close to final dimensions before treatment as possible. 

Next to impregnation tieatments, brush treatments with a 
high-grade coal-tar creosote are recommended. If these are 
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used, the wood should first be thoroughly air seasoned and dry 
at the time the preservative is applied, otherwise little or no 
boiioficial results will be secured. Two coats are better than one, 
and in all cases the oil should preferably be brushed on hot (about 
150° to 175° F.), care being taken to soak especially all joints, 
bolt holes, and laps. 

In timbers which decay only at the joints, the joints only need 
he coated with hot creosote, the rest of the member being left 
untreated. All joints made in timber which has been inipreg- 
nated should always be brush-coated with hot creosote if these 
are framed after treatment. 

Timbers treated with creosote cannot as a .rule be painted, as 
the paint will not adhere to them, d’hey will, however, be turned 
a deep brown which, on prolonged exposure, will become lighter 
in color. For rough construction, the oil will take the place 
of paint, and in this connection also effect a saving. 

Methods of Treating Lumber for Buildings, Greenhouses, and 
Cars. — In general lumber used in buildings, cars, etc., cannot bo 
creosoted because it is desirable to paint it, and as mentioned, 
paint does not readily adhere to creosoted wood. In certain 
cases, how(wer, this is not necessary. For example, sills in build- 
ings, l)eams in porches, etc., where the wood is covered, can bo 
profitaldy treated. Thus the sills and beams used in constructing 
the so-called “Sanitary floors” in the South, particularly New 
Orleans, are impregnated with 10 to 12 pounds of creosote per 
cubic foot, and very good results obtained. Even in silos, if it is 
not desired to paint them, creosoted lumber can be used to ad- 
vantage provided it is permitted to air season before the silos are 
filled. 

When the wood is to be painted, a treatment with one of the 
antiseptic salts is recommended. Zinc chloride, mercuric chloride 
copper sulphate, or sodium fluoride will all give good results. As 
mercuric chloride and copper sulphate cannot be used in steel 
cylinders, it is necessary to soak the lumber in stone, concrete, 
or wooden vats containing these preservatives. This is done as 
described under the Kyanizing process. These salts have a 
further disadvantage in that they will attack the steel in 
carpenters’ tools. Zinc chloride and sodium fluoride can be 
handled as described in the Burnett process. The lumber should 
then be air seasoned before it is placed in the building, after 
which it can be handled like untreated lumber. Paint of all colors 
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will in giononil adhere readily to wood treated with the salts just 
mentioned, and will aid materially in holding them in the wood. 
Treatments of this kind are recommended particularly for such 
places as floors and columns in porches, trim around the eaves, 
bench boards and sills in greenhouses, roofs in dye houses, and in 
fact, all places where the wood is subject to decay, and where it is 
necessary to pain it with light colored pigments. Much has been 
written of “dry rot” in buildings. This can be gieatly re- 
tarded or prevented by the treatments tlescril)ed, since it is causcn l 
by a fungus. In all cases, the lumber should be fianied to as 
near the exact dimension it is to have as can be done because 
any subsequent cutting will expose the untreated interior and 
hence shorten the life of the wood. It is believed that there is a 
good field for many lum})er companies to operate treating plants 
for preserving wood used in building construction. By so doing, 
woods which arc not naturally durable could be made to compete 
with the more expensive and naturally durable woods like cypress, 
cedar and redwood, and would in c(;rtain cases be preferable in 
that some of them possess greater strength. Treatments with 
the above salts will also resist in.sect attack. 

The life of untnuited wood can be prolong(Ml in many cases by 
keeping a cii-culation of dry air a])out it. Stagnant air in 
cellars or .store rooms is particularly liable to start decay, and it 
frequently happens that by simply improving the vcjitilation, 
further decay can be arrested. Of course, when untreated 
wood is uscfl, saf)wood is a detriment and “all heart” pieces are 
always to be preferred. In certain types of flooring, creosoted 
planks can first be laid and then faced with thinner planks of 
untreated wood. If timber is set subject to decay, ordinary 
paint will seldom arrest the decay unless all surfaces of the wood 
are treated. I n fact, the paint may actually hasten decay in some 
instances, as for example, when oidy one or two surfaces are 
painted and the others are left unpainted. The unpainted 
surfaces will absorb moi.sture, while the painted surfaces will 
retard it from evaporating, and thus the wood will actually have 
more moisture in it and in such a condition be more susceptible 
to decay. This is a common occurrence in the floors of outdoor 
porches, the upper side of which is usually the only surface 
painted. 

It has been reported that dry rot in factories can be checked 
by raising the temperature in the rooms to 120° F. or more for a 
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f(*vv hours. The author is unable to verify these reports but 
believes the treatment well worthy of trial by those troubled 
with this form of decay. 

Methods of Preserving Logs from Decay.-— It is very difTioult 
to store logs with bark on them for any length of time without 
their being attacked by decay. This is particularly true of logs 
liaving much sapwood, like the gums, sycamore, maples, birch, 
etc. Decay can be retarded if the ends of these logs arc given one 
or two coats of creosote as soon as possible after they are cut. 
Tlie same should be done wherever the bark has been broken off. 
If it is simply desired to retard checking, the ends of the logs 
should be coated with paint, or better still, hot paraffin. In this 
way the logs can be protected at a cost of only a few cents per 
tliousand feet of lumber. To proti'ct logs from insect attack, it 
is necessary to peel them or soak tlumi in water. In special 
cases, the methods described below might be used. 

Methods of Treating Log Cabins and Rustic Furniture. — No 
satisfactory method of keeping bark on wood for any appreciable 
hmgth of time is known, particularly if the bark is soaked by 
rain from time to time. Fungus and inseeffs are both very apt 
to work in under the bark and cause it to fall off. 

Damage of this kind can be largely preventcul l)y cutting the 
logs ill late autumn and piling them so that they will dry as 
rapidly as possible or by utilizing them immediately. Kven 
better, but more expensive and troublesome results can bo ob- 
tained by cutting the logs in the spiring and strip]3ing them in 
laps of bark, which at this season peels readily. The bark can 
then be soaked in a 1 percent solution of mercuric chloride 
and the logs used directly. After the logs have air-dried, they 
can l)e brush treatcal with one or two coats of coal-tar creosote or 
carbolineum. When this has ilried for several days, the bark can 
then be nailed to the logs. Treatments of this kind are the 
most effective known. Care should be taken in handling the 
mercuric chloride solution as this is extremely poisonous, and 
also in thoroughly air-seasoning the treated logs so that the 
odor of oil will not prove objectionable. 

Rustic furniture should be kept under cover and dry. Little 
or no trouble will then be experienced with decay. Insects; 
however, may attack it, as is evidenced by little mounds of saw- 
dust and miniature pin holes in the bark. Sponging such 
furniture thoroughly with kerosene or benzene will usually 
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kill the insects and stop their depredations. Or if the 
lioles are caused l)y larp;er wood-boring insects, carlmii lusul- 
phide can l)e injected into the lioles, whicli should then l)c ini- 
niediately stuffed with i)utty, or a similar substance. TIk' 
otTcnsive odor of the bisulphide will leave the wood in a few days. 
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THE PROTECTION OF TIMBER FROM FIRE 

Tlio use of wood as a eons! ruction material, especially in con- 
<T('s1e(l centers as in cities, has a serious ohjrH'tion due to the 
comparative ease with which it can Ix^ ij!;nited and with which 
it hums. The ol)j(‘ction to its use Ix'cause of this projx'rty is 
r:ii)idly j^rowinjj; and will imdouhti'dly continue to do so. The 
fire losses in the Uuit<‘d Stat(s are (aiormous, n'achiu}'- the vast 
sum of $2ir),000,0()() per year. Of course, all of this is not due 
to the use of structural wood, as the conhaits of even ‘Tireproof ” 
Imildiii^'s are iullammahle and are frcapiently destroyi'd. A h'W 
(‘ities have aliaaidy passed ordinances prohil»itiu^‘ the use of 
natural wood in buildings ov(t a certain number of stories in 
height, and other cities have specified ajiainst tlie use of wooden 
shiuf»;les within tlu'ir more conji;ested limits. 8u(*h action has 
attracted kaam att(*ution of late to the possibility of n'luk'rinjz; 
wood noncombustibh'. This prolilem is (piite different from the 
liroblem of protecting W(H>d from d(‘cay and lias to do almost 
entirely with the control of the jj;as('s driven off from wood when 
li(‘at is applied to it. If these ^as('s can be diluted with a non- 
combustibl(‘ f^as in proper proportions, the wood will charr and 
not burn. On the otluu’ hand, if tlu'se gas{‘s can lie k('pt from 
mixing:; with requisite amounts of oxy}:;en, a similar result can 
b(‘ se(!ured. In either event, the orij»;inal properties of the wood 
will be destroyed, so that, stiactly speaking, it is practically 
iMi|)ossible, if not impossibl(‘, to remha- wood “fireproof.’’ The 
I'cst that can be expected is to eitluM* make the wood noncom- 
bustible or slow burning];. The temperature at whiidi natural 
Wood will iginite under ordinary conditions is about 500° E. The 
temperature of a burning; buildinjr; is estimated at about 1700° 
ib The ease with which natural wood ij^nites, theri'fore, when 
subjected to siu^h hi^;h temperatures, is readily seen. As fj;reat 
])ro^ress in i^rotectinji; wood from fire has not been made thus far 
in protoedinji; it from decay, and but two companies are now 
in op(U’ation in this country. Rro|];ress has been considerably 
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retarded by fraudulent practices on the part of defunct companies 
claiminjj; to ‘‘fireproof” wood, and by contractors who clainn'd 
to use such wood in their construction. Furtlna-more, a p;ross 
misuiKh'i’standinj; exists concerning the possibilities of rend('r- 
ing wood noncombustible, which has often led b) the drafting of 
impracticable sp(?cifications. Much work remains to be done in 
perfecting present methods and in enlightening the public to 
what can reasonably be expected. 

The cliief objections raised against the use of “fireproofed” 
wood aside from increased cost are the leachability of tlu' 
chemicals, their corrosive action on metals, their effect on tlic 
stremgth of the wood, and their action on paints and varnislu's. 
Wood impregnated with the best known fire retardent chemicals 
cannot 1)0 set in wet or damp situatioiis or exposed to the 
weatlaa, as the clnanicals will be l(*ached from the wood. Nails, 
hinges, etc., in contact with such fireproofed wood will, when it 
becomes damp, l)e corroded. Wood treated with these chemicals 
is rendered more brittle than wood not treated, although the loss 
in stiamgth can be greatly decreased by proper methods of tr(‘at- 
ing and drying. For many purposes, as hi trim in buildings, th(' 
question of d(Ka’eased strength should have little or no serious 
consideration, as this property is not important. Due to their 
hygroscopic nature, th(j salts are quite liable to keep the wood 
moist and hence interfile with the adla^sion of paint or varnisli. 

When not (exposed to th(^ weath(*r or unusual dampness, ”fir(v 
proofed wood,” as it is now knowji, has given very satisfactory 
service. It retains its resistance to fire for long periods, and, so 
far as its otlior properties are concerned, behaves in much tla^ 
saimi manner as untnxited wood. 

The Theory of Hendering Wood Fire Retardent . — Those results 
which have beem most successful thus far have been founded 
on one or more of the following theories: 

1. To cover the wood with a chemical which, like sodium 
silicate, when heated will fuse over the surface and prevent a free 
acc(^ss of oxygen to the wood. 

2. To cover the wood with a noncombustiblc material which, 
like asbestos or metal, will prevent a free access of oxygen to tin; 
wood and thus produce a slow distillation. 

3. To impregnate the wood with a chemical which, like borax, 
when heated will liberate water* vapor or steam, thus diluting the 
combustil)le gases so that their ignition cannot occur. 
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4. To impregnate the wood with a chemical which, like salts 
of ammonia, when heated will liberate a noncombustible gas, 
ilius diluting or combining with the combustible gases so that 
(‘oinbustion is impossible. 

Owing to their manner of application, these various theories 
can be (‘lassified into two groups of treatment which may be 
called superficial and impregnation proc(\sses. 

Superficial Processes. — ddiese consist in protecting the surface 
of the wood from contact with flames. If the protective coating 
is a liquid like sodium silicate, it is simply jiainttal onto the 
wood or the wood is dipped into it. Such treatments, while 
effective in retarding the case with which the wood will catch on 
tile, are not conducive to best results. Other supeificial proc- 
('ss(‘s consist in covering the ex])osed surface of the wood with a 
iioncombustible mat('rial such as asb(‘stos or imdal. Unless the 
cov(‘ring entirely surrounds the wood, the temperature of the 
protected face may become so high as to cause the wood to 
ignite. When, how(^ver, the covering entirely surrounds the 
wood the prot('ction is very edicient as burning is almost entirely 
('xcluded and only charring is produced. As might be surmised 
from its manner of application, this method of treatment has 
only a limited use and is quite costly. 

Impregnation Processes.— These are (‘onducted at the present 
t ime in much the same manner as the Kethell or llurnett ])rocesses 
(see description) of protecting timlxT from (h'cay. They 
ditfer from them in two respects: (1) different chemicals are 
used, and (2) the wood is generally kiln-dried after the chemicals 
have been forced into it, in order to remove the large amount of 
wat('r inject(‘d into it. As a geiu'ral rule, only thoroughly air- 
seasoned wood is treat(’d, this usually in the form of rough sawn 
lumber. The kiln drying of “fireproofed^’ timber requires a 
nice adjustment in that the temperatures used must not be so 
high as to volatilize the chemicals injected or cause them to “ pulU' 
toward the surface, (diecking and warping must also bo guarded 
ngainst. Any efficient kiln-drying process can, however, be 
employed provided it is properly applied. 

Chemicals Used.; — A large variety of chemicals live been tested 
l)y various experimenters in the attempt to I'ender wood non- 
combustible. The more important of these chemicals thus 
tried, either alone or in combination, are: Aanmonium sulphate, 
phosphate and chloride, zinc sulphate and chloride, borax, 
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cresylates of mercury, lead, copper, iron, and zinc, sulphate of 
iron, alum, calcium bisulphite and lime, sodium silicate, oxalic 
acid, potassium and sodium carbonate. Best results have boon 
secured with the salts of ammonia, borax, and sodium silicate. 

“Pireproofing’’ tests have been made at the U. S. Forest 
Products laboratory on noble fir, using the following fire-retarding 
agents. ^ 


Stronglh of solution 

Amount dry suit in- 
jccU'^ per cubic foot 

i 

33 percent solution s»)ilium cjirbonate 

of wood 

11 pounds 

35 percent solution .sodium bicarl)onatc 

11 pounds 

30 percent solution oxalic acid 

10 pounds 

20 percent solution borax 

5 pounds 

20 percent .solution ammonium chloride 

51 pounds 


CHEMICAL FIRE RETARDENTS 

Sodium Carbonate. — Sodium carbonate did not prove efficient 
in retarding cornl)Ustion (Fig. 24). It also caused a marked 
weakening of the wood. 

Sodium Bicarbonate.^ Sodium bicarbonate did not prove 
efTicient in retarding combustion (Fig. 24), and also caused a 
marked weakening of the wood. 

Oxalic Acid, — Oxalic acid did not prove (‘fficient in retarding 
combustion (Fig. 24), and also caused a marked weakening of 
the wood. 

Borax. — Borax was of considerable value in retarding com- 
bustion (Fig. 24). The dotted curve (G), Fig. 24, shows the 
comparison with natural wood and the other fireproofing agents 
used. The points determining the position of this curve were 
obtaiiKMl after the piece had become charred and incandescent. 
A small amount of an inflammalile gas, probably carbon mon- 
oxide was generated, which burn(*d with a small lilue flame on 
tlie top of the test specimen, but only with th(^ aid of the pilot 
light. 

Ammonium Chloride.— Ammonium chloride proved of con 
siderablc value in retarding combustion (Fig. 24). The points 
determining the position of the dotted cuitc (F), Fig. 24, repre- 
sent the same condition as was described under borax. How- 

* From ProfiCfidings American Wood Preservers’ Association, 1914, by 
Robert E. Prince. 
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ever, ammonium chloride is somewhat hygroscopic and its use 
may be restricted for this reason. 

Commercial Treatment.— A number of tests were made on 
pi('ees of red oak, treated by a commercial fireproofing company 
with a solution containing ammonium phosphate and ammonium 
suli)hate. The strength of the solution was not known. Am- 
monium phosphate and sulphate proved of considerable value in 
retarding combustion. 

Tests to Determine the Inflammability of Timber. — Several 
methods of testing the inflainniability of wood have been sug- 



gested. The more common of these are the shaving test, crib 
test, spot test, and electric furnace. 

Shaving Test. — Shavings planed from the treated wood arc 
placed in a wire basket over a Bunsen burner. Notes arc taken 
on the length of time required to ignite the shavings, the character 
of the burning, the length of glow, and the loss in weight due to 
the burning or smoldering. This method of test is faulty in that 
the wood is so finely divided that the volatile gases are readily 
driven from it and conditions comparable to practice are not 
dui)licated. Furtheimore, it is diflficult to get concordant results 
due to varying air currents and temperatures. 

Crib Test. — So called because small splints of wood about 




2 1 8 THE PRESEN I A TION OF STRUCTURA L TIMBER 

1/2 X 1/2 X 4 inches are cut from the treated wood and piled 
in a crib over a Bunsen burnof, the flame being permitted to 
pass til rough them. While better than the shaving test, tho 
method is also open to similar criticism. 

Spot Test.— A flame (iKsually of illuminating gas)' is played ovia’ 
th(' suifaee of a treated piece of wood. The depth to which i1 
eharrs or burns and tlu' (diaraeter of burning or glow are noted. 
Th(' ti'injieiatuni of tlu' flame m.ay be read from ai)yrometer, tlii' 
thermocouple of which is placed against the wood at point of 
t('st. This nu'thod is much more comparable to practice and 
gives good indicative; results, which, howev<‘r, ar(‘ faulty in tlinl. 
tlu'v are ditlicult of duplication. 

Electric Furnace. — This method of testgivesconcoidantn'sults 
when small jiic'ci's of wood ar(‘ treated, and enabl(‘s an accurah* 
com[)arison b(‘tw('en various trr'atments. It is objectionable, 
howev(‘r, in that tin* h(‘at is applied to all side's of the test sju'ci- 
nu'ii and usually r(‘(|uir<'s that the ti-eated plank bo cut into small 
size's. Tor labeeraterry work, he)we*vea’, this me'thoel eif testing has 
b('en found ve'ry satisfae•te)ly^ The appai’atus ceensists of a silie-a 
tulie', wrap])e‘d with nie*hi'ome ribbon. An ii’ern tube fitteal with 
a mica sight is e'eme'nied be'low the' silie-a tube. 

d’h(' spe'e*imeii eef woexl, afte'r be*ing lerwea-e'el inter the silieai tube-, 
is heated at a uniform r-ate*, by passing 24 ampenes erf elect rie; 
current threnigh the niedirenne' riblron. Te'mpe'ratui’e re-aelings are- 
erlrtaiiie'd frerm a ther-moe-erujrlo plae-e-el be-siele^ the speedme'ii an<l 
re'ading dire'ct from a Hoskins [ryi’ermetei’. A jrilert light is use'd 
to ignite* the* gase*s elistille-el frerm thee wererel. ( lompi'csseel air jrar- 
tially ele‘hyelrateel fry (‘xpansiern is jrassexl thj’ough the airparaius, 
iks intensity be*ing inelicated by a sensitive liepriel maimmeder. 
'The te'mjrei'atuie erf ignitiern, char-act(*r erf cennbustioii or glow, 
anel lerss in we*ight elue to the; burning for a .3-minute; pea'ierd is 
note'el. Afte*r ignitiern the spe;cimen is lowereel into the iron tube*, 
whe'i-e it can burn erf its erwn he*at. 

Cost of Rendering Wood Noncombustible. — 34ie cerst of ren- 
ele*riiig werejel nerne*ombustible is in geumral higher than ter protect it 
fi’erm ele*e*ay. As has been mentioneel, merst erlTerctive re^sults in 
fiiejrreroting wood have been sercureel by injecting chemicals inter 
it. 4die*se; ai’e; meri'e corrersive than the cermmern pi-ese'rvative's anel 
hence ineae'ase plant ele-pi-eciation. Then, the pi-eservatives the;in- 

’ i\ plate lu*ate;(l e.'leetrieally has been siiggesteal iti place; erf the flame as 
being easier rrf control. 
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solves are comparatively expensive. Finally, the wood, after it 
li;is been treated, must generally be kiln-dried to avoid loss in 
tiiiio and clieeking in sejisoning. Taking tin* abovai factors into 
consideration, tlu^ cost of rendering wood fire retardent is ap- 
proximately as follows, when chemicals like ammonium phosphate, 
costing about 8.5 cents, and ammonium sulphate, costing about 
c(Mits p('i’ pound, MIX'. us(‘d. 

I'lsi'iMATF.D Cost OK Kf^ndfrinc, Wood XoNcoMUCSTinLE Per M.B.M. 


('nsiof l.Fimlling SiCOO 

riant (l('pr('(;i:itioii jiiid innintaMinnco 0.90 2.00 

( 'luMiiicals 10.00- 18.00 

Kiln-drying TOO- 4.00 


Total $14.90-^27.00 


Th(' l()W('r hguie of $14.90 p<‘r thousand assumes the j)laut in 
coni inuous opcM'tttion and th(‘ consumj)tion of chemicals about 1 ^ 5 
pounds ])er M.B.xM. The upper figure of $27 covers opera- 
tions which are not continuous and allows for a laxavier injection 
of the stdts into the wood. 

The Effect of Zinc Chloride and Creosote on the Inflammability 
of Wood. — Although ziint chloride is not one of the most ef- 
ficicmt fire retarding cln'inicals, nevcrthele.ss wood treated with 
it is much more diffi(ailt to burn tlnui untretited wood, this 
makes zinc-chloride tretifed timl.x'r of ptirticular value in those 
locations where ch'cay is rapid and dang('r from fire impoitant, 
as for (‘xamph^ in coal mines. Timber tiaaited with zinc chloride 
will ordinarily ignite at the same or lower temperatures as un- 
t rented wood but will l)urn far more slowly. This is due in a 
large measure to the hygro.sco])ic. nature of the salt, borne tests 
made in the electric furnace above described at the IJ. b. korest 
Ihodinds Laboiatory on zinc-chloride treated hemlock gave a 
teinp(‘rature of ignition of 287° C. as against 320° C. for unticated 
Wood. Only 19 percent of the f.reated wood was destroyed, how- 
ev(‘r, as against 29 percent of natural wood. 

Much discussion has occurred concerning the inflammability 
nf wood treated with coal-tar creosote. This matter was also 
investigated at the IJ. S. Forest Products Laboratory and it was 
found that wood freshly treated with creosote was very inflam- 
m.able, but that its resistance to burning inoreascal with its age. 
44iis is undoubtedly duo to tlie lighter oils volatilizing from the 
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wood and leaving the heavier oils. When tested under th(' eondi- 
tions analogous to the zinc-(reated speeiinens mentioned ahovi', 
freslil}' ercosoted hcmioek ignited at a teinptaature of 173° ( J. and 
lost 40 percent of its weight in a 3-minute burning p('riod. Wlaai 
allowed to air-season for 90 days, the temperature of ignition lose 
to 210° C. and a loss of only 27 jiercent in weight occui rcul. Many 
instances showing the resistance of scaisoiu'd creosoted timber to 
fire have been repoited, of which the following are cited: 

After the Jacksonville fire the creosoted telephone poles wok; 
standing in good condition although the buildings all id)out thcni 
had been destroyed. 

44ie Stuyversant docks at the same place weio built of un- 
treated and cr('osot('d timber. The latter was c'asily extinguished 
while the foriiu’r was completely d(*stroy('d. 

In Baltimore tlie creosoted wood-block stnads did not burn 
but caiiK' through the fire b(‘tt(n than paveiiK'uts of asplialt which 
mi'lted and ran down the si'wers. 

The author saw a shaft of a coal mine in Pennsylvania which 
had caught fire, it being timbered with untieated and creosoted 
props. Aftei the fire was extinguish(‘d liy smothering tlu' mouth 
of th(‘ shaft, all the untreated projis had b('en burned to such an 
exbait as to lie u.seless while those creosobal were simply charred 
and not replaced. 

It appears that the creosote in timber wlu'n it does ignite burns 
for a long time in mucli th(‘ sam(‘ manner as oil doi's in a wick; 
hence tlx* reason why the wood itself is so slightly consumed. Jt 
must not b(' construed that cri'osoted timlier is fin* ri'sistant in the 
same sense that zinc-treated timber is, but that whem thoroughly 
air seasoned it bui tis for some time with l('s.s damage to the wood 
than untreated wood. 



CHAn’Kli XVII 


THE PROTECTION OF WOOD FROM MINOR 
DESTRUCTIVE AGENTS 

A (l(‘scri{)ti()ii of tlie inaiinor in which tiicso minor (lestructive 
;i^cnis jtKack wood lias been j»;iv(ai in CdiaptcM* 11. Wo will now 
(‘onsidor inothods of protection. 

Alkaline Soils. — While it is well known that certain alkalies will 
attack wood and eventually disintegrate it, there is no positive 
evidence which shows that their presence in the so-called ‘bdkali 
soils” does this. It is quite likely that the alkali is not sufficiently 
coiicentrated or heated to sufficient temperature to cause disin- 
tegration. In all cases which have been e.xarnincd by t he author, 
such as deteriorated wood from tlume pipes, cross-ties or poles, 
fungus was always present. It is believed, then'fore, that if the 
gi'owth of th(' fungus is prohibited, t lu' deterioration can l)e materi- 
ally reduced or eliminated. In other words, the wood should be 
ti eated for decay, the process to bo selected depending upon local 
conditions as already described. By so doing it is quite likely that 
the effect of the alkali in the coils can l)e generally disregarded. 

Birds. — The destruction of structural timber by birds is so small 
as to warrant little comment, and certainly does not justify kill- 
ing them. Woodpeckers will at times drill holes into buildings 
and poles, and the size of the holes and the oddity of the attack has 
given rise to an exaggerated idea of the destruction done. When 
buildings are attacked, they are generally more or less deserted and 
usually good for nothing but birds’ nests at liest. 

TliC so-called destruction in poles is ai)parent rather than real, 
as has been shown in Chapter II, although at times the holes 
drilled by the birds may cause a real damage. No good method of 
preventing such attacks is known. Creosoting the poles under 
pressure is of assistance, although the birds will at times attack 
croosoted poles. Plugging the holes is of no value as the birds 
will drill new holes. It often appears to bo a matter of 'Tife or 
<loath,” and considering the great good and little real damage that 
they do, destruction caused by birds had best be charged as an 
221 
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operating]: expense and home with a smile. Nesting hoxes r;iii 
often be used with ^^roat satisfaction, if hun^ on posts, poh-s or 
huildiiifrs, aiul thus prevent damage (see Plate XXII 1 Pig. C). 
The use of such boxes has l)een extensively tested in tlu' (iiand 
Duchy of Hesse, where in 2 years all the l)oxes were inhahitid. 

Sap Stain. — To be efiicient, all known methods of pro(('( tiii(r 
wood from sap stain must be applied l^efore the stain ('nt('i's 
ilie wood . If the logs are stained before they ar(‘ cut into 
lurnljer, no satisfa(“tory procc'ss is knowti for removing tin' slain. 
Logs should thendore be (Uit as soon as possil)l(‘ af(('r tlu'v aiv 
felled, particularly during warm wcaather. 

The most effective nuains of preventing stain is to kiln div 
the lumber immediately aft('r it has beem saw(ul. and tlnni k('cj) 
it under eovea*. In this manner, stain can bf' entirely pia'taaitial. 
This method, however, isgcmerally too ('xpensive and cundaersouic 
for all but the best grades of lumber. 

Lor rough lumber, dipping in a solution of bicarbonate of 
soda giv('s best comrnenaal results. In i)ra('1ice, this is doin' hy 
having the freshly cut boards (‘airied through a laidv of the soda 
solution on their way to the sorting table. In tliis manner no 
extra expense for handling is required. A 5 to 8 peici'iii 
solution is usually suITicii'ntly strong. 'Phis should bo k(*j)t warm 
l)y means of a sti'am coil in the bottom of the tank, whi(*h can h(' 
const l uctc'd of wood, iron or concret(‘. A f('W companies aie now 
maufacturing “soda-dipping” tanks and will furnish a comph'tc 
outfit (s('e Plate' XXII, Fig. A) or the tanks can be constructed by 
an ordinary mechanic. Afte'r the liunlx'r has been difipi'd in this 
manner, it should be piled with open air courses so that it will dry 
rapidly. 

An extended series of tests were made by the United State's 
Poorest Service in co-operatiem with the (ireait Southern Lumber 
('oinpany at Bogalusa, La., in which pine beiarels weie elipped in a 
variety of solutions. It was feiunel that solutions of mercuric 
chloride, varying in strengtli from about 0.2 te) 0.3 percent, were 
most elTectivo in preventing stain, but on account of thcii very 
poisonous nature, cannot l)e generally rccojitmended. 

The follejwing conclusions are drawn from these tests d 

1. Freshly cut sap lumber when stackeel in the yard to dry 
should be stacked in open piles to permit a free circulation of air. 
Boards so piled season in about half the time required for those 

* Circular 192 United States Forest Service. 
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Open pill's moreover, lire not ho severely 
ami are more efieetivoly iiroteeteil ngaiiiHt 


'' 2. 1,1 ciimMiereial work sap stain ean lie most elTeetiveiy 
pmu'iilcil I'.v ilipP'''K linarils in solutions of soilium liii arlionate. 
Sui'li soluliiiiis, thouuli they tuive fairly nooil results, leave niueh 
to bo (losirtMl. Tlu' stron^th of the solution should he (Ic'teniiiued 
by tbo sovoiity of the coiuUtums uiuh't wiiieh tlu' hoi^rds are 
to sf'asoii, lull in t^fuieral il will najuin' from 5 to 10 percent, 
('are sboiibl Vie tak(‘n that the chmuical usf'd is not mixed with 
adiiltta'aivts. 

b. 'Vhe best results in preveutinj!; saj) stain w('re secuia'd with 
inorouric clihnadf' solutions, Imt on account of tlicii* ])ois()nous 
iiatui'f' tlu'y are not r('comm(‘nd('d for {^eiK'i’al ns('. 

1. 'Tbo solution made hy mixing sodium carlionatf' and lime 
was not as effective as one of sodium biearhonate alone. Moro- 
ovf'r, it bad a greater tendency to streak the surface of tlie boards 
with a white precipitate. 

5. Solutions of magnesium ehloridf', calcium chloride, sodium 
liydroxidf', pluaiol, copper sulphate, and zinc chloiade did not 
priw'fMit sap stain; nor did sprinkling the iioards with najihthaleno 
flakes give satisfactory results. 

(). On aecount of cVieajUK'ss and facility in opfU’ation, it is 
iccommcnfh'd that sap-stain .solutions Ix' apiilii'd to thi' hoards 
hy machinery. If this is done, the co.st of treating luinlKU- with 
solutions of sodium hiearhonate will amount to from about 7 to 
10 cents per 1000 hoard feet. 

7. The indications are that shavings jilaiual from soda-dipped 
hoards do not burn as readily as those from untreated hoards, 
hut the dith'reuce in inflammahility is so slight that for com- 
niercial purposes it may be neglected. 

Sand Storms. — The (h^struction of timber in the Uniti'd States 
hy sand storms is insignificant. Far more is destroyed by wind 
•‘ind sleet storms against which there is, of course, no known 
metliod of protection except heavier and more expensive constriic- 
finn. In certain portions of the Southwest the wind carrying 
^and at high velocity so wears away poles, stakes and jmsts that 
f'f‘uewal is sometimes rieccs.sary. (Sec Plate XXII, Fig. B .) About 
die oTily practical method known of retarding such damage is to 
'i:dl planks of wood or sheets of metal to the poles and posts and 
‘■dtor these have been destroyed, replacing them. 



CHAPTER XVIII 


THE STRENGTH AND ELECTROLYSIS OF TREATED 
TIMBER 

The Effect of Air Seasoning on the Strength of Wood.— It 

has been stated in Chapter IV that a considerable amount of 
water can be removed from green wood, without affecting its 
strength. As soon, however, as the water begins to leave the 
cell walls so that their moisture content is decreased, the strength 
of the wood rapidly increases. This is shown in Fig. 109 whore 
the strength of wood is plotted against the amount of water 
it contains. Prolonged air seasoning removes a certain amount 
of water from the cell walls and hence increases the strength of 
wood. The amount of water thus removed depends upon tin; 
temperature and humidity of the surrounding air and the size 
and kind of wood being seasoned. For example, it is greatest 
in warm dry air (as in summer) and in thin l)oards (1 inch or less 
in thickness). Material of this kind is called “air dry or sea- 
soned’^ when it contains about 8 to 12 por(!cnt of water. If drienl 
to lower moisture than this it is very probable that the wood will 
rc-absorb moisture. Air-dry lumber containing 8 to 12 percent 
of moisture is therefore seasoned about 10 to 20 percent below 
its fiber-saturation point and has about twice the strength of green 
wood. On the other hand if the boards are larger, say 6 to 10 
inches in thickness it is very likely their “air-dry” moisture will bo 
15 to 20 percent rather than 8 to 12 percent. Consequently 
their strength will not be increased to the same degree. It is 
evident, therefore, that the term “air dry” is a very variable and 
arbitrary one. If now, the wood is dried in a kiln and its moisture 
reduced to say 2 to 3 percent, its strength will be increased con- 
siderably over what it was in an air-dry condition. Thus, other 
things being equal, the more moisture there is removed from 
wood, the greater will be its strength (Fig. 25). This relation 
has been equated by Tiemann^ for longleaf pine with the following 
formula: 

^ Bulletin 70, United States Forest Service. 
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Plate XXII 



Fk;. a. Typo of soda dipping; tank tnaiiul'actured l»y tho Lufkin Foundry 
and Machine Co. 



1*HL IL — Stake danuif^ed by sainl storms in soutliern California. Com- 
pare portion in the >!;round with ptudion above ground. (Photo courtesy 
the Am. d'el. <& d’el. Co.) 


{Facing page 224.) 




Platk XXII 



Fi(i. C. — Soctiori of jui ('xpcritnciitnl fra<‘k. laid with stc'd lies. (I’lidti 
ciHirtcsy of the Hy. Ass’ii.) 
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riiE ETHiisarn or treated tjmuer 

c = G (22.1 P - 1335 P + 25,610) 

C = orushinR strength in pounds per square ineli 
= sptsafic gravity of dry wood 
/> = percAiut of moisturo. 

Oil ncroimt of tho wide variability in the structure of wood, the 
(‘(|u:ilioa is applicable only within certain limits, and will not, of 
course, give the exact strength for each and every piece of wood, 
Imt is sufliciently close for most commercial (‘Uf<iii(‘crin^ problems. 



Fia. 25. — Moisture-strength curves for longlcaf pine, eastern spruce and 
chestnut. Note fiber-saturation points. 

Lowering the moisture content of wood below its fiber-satura- 
tion point produces certain phenomena; the more important, so 
far as strength is concerned, being shrinkage and cell slitting. 
Both of these vary with the kind of wood, the degree to which 
it 18 seasoned, and the manner in which it is seasoned. Conifers 
shrink less than hardwoods, and the drier the wood the greater 
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the sliriiika^o. (livon tho spocifu; gravity of a pioco of wood 
its shrinkage' from a groon to ovoii-dry condition can !)(' fairly 
(‘losi'ly approxiinateal from tlic following logarithmic equations 
d('V<'l(>})cd by J. A. Nenvlin; 

Shrinka}>:c in volume porcent = 20.5 0' ”” 

Radial shriuk;ij>;(‘ in pcrea'iit = 9.5(1' "'' 

'raiijimtial slirinkag(“ in pcTcont = 10.5 O' "" 
where O = speeifie j^ravity. 

When water leave's the cell walls it sometimes happens that 
the'se clu'ck open anel l)e'e‘ome me)re or less filled with micre)scopic 
slits (hig. 24). The^se slits aj)parently weakem the wood but tlu'ir 
we'ake'uing e'ffe'ct by ne) means eaffsets the' markeel increase in 
the strength e)f the' woeeel due' to its le)ss of water. If wooel whie-h 
has e)nce be'on the)roughly air-elrieal is rese)akeel in water until it 
contains as much wate'i* as it e)riginally hael, its strongtli will be* 
fe)UMd to b(' le'ss than the' e>riginal greu>n strength. The slitting e»f 
the' walls probably has much te) elo with this. 

Trom the above' eliscussion, it can reaelily be seen that any 
treating pre)e‘e'ss whie'h te'iiels te) kemp we)e)el elry will, prejvieleel it 
ele)e.s ne)t in itself we‘ake*n (he we)e)el, tenel te) increase the strengtli 
etf the' wood, ddius tre'at rne'iits with cre'e).se)te tenel te> retarel the 
absorptie)n e)f wate'r anel he'nce' ke'cp the we)oeI in a stre)nger and 
me)r(j re'silient ce)nelitie)n than untreateal we)oel or woe)el treate'd 
with a t)re'servative like^ zinc e'hlorieh^ This is of decieleal ad- 
vantage' in <*e'rtain case's, as in paving ble)e'ks, anel is undoubtedly 
one* re'ason why e'ree).so(eel blocks have r(\sisted wear so mucli 
bedter than similar ble)cks laiel untreateel. On the other hanel, 
e)bje'ctie)MS have beua) raisc'd te) the seasoning of wood, partic- 
ularly in mine's, wheae' ce'rtain e)pe‘rate)rs assert that they prefer 
gree'n we)e)d (e) dry or parlially elry as it benels more anel give's 
better warning e)f danger frejin rock fall. 

The Effect of Steaming on the Strength of Wood. — Little is 
known cejiice'rning thee eeffect of superhoateel steam on the strength 
e)f woexl, but freem our kiiowlealge of the effect of tem[)eraturo on 
we)oel, the rapid elrying e)f woe:)el and practical operative results 
with superheeated steam, it appears that it is very prone to 
seriously weakeai wood and reneler it brash and brittle. 

Saturatoel stevim is in common use in preparing we)od for treat- 
me'iit as has bea'ii she)wn in previous chapters. Saturated steam 
in itself ele)es ne)t elry we)od, but heats it so that drying is pe)ssible. 
In fact, while the wood is in the steam it may actually take up 
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\v;it<'r, particularly if it is already partially s(\‘isori(‘(l. This is 
sliowii ill the followiiij^ table; 


'r AHLI'] InCUKASE in WEKiHT OK Ta)HIA)I,LV-1>I NE TlKS Dl K TO 

SteaminiP 


C^otKiitions of 

(Jain ill \vci>?lit per tio, duo to Hlcartiiiif? 

l\‘iio(l 

Cressuro por squiirt! 
incli 

CJrccn tics 

Air-sca.soii('(l 

ties 

Hours 

Pounds 

Pounds 

I\)un(]s 

4 

10 1 

2.13 

5.1 

4 

20 


0.9 

4 

30 i 

0.02 

0.3 

4 

' 40 ' 

1.12 

S.l 

4 

.')() 

0 02 

; 4 3 

0 

20 


10.8 

U) 

20 

1.00 

10.7 


Afba’ the wood has lieeii h(‘at(‘<l and tlu* stiauu around it removed, 
tti(‘ heat units stored in the wood will evaporate much of the 
watei' it contains and produce a condition of partial dryness 
or “seasoning.” A vacuum a])plied immediatdy after the steam 
])ath will further increase the dryinjj;, since it lowers the tem- 
pi'rature at which tlu^ watia- will vaporizi'. Common jiractice, 
tlu'i’cfore, is to steam the wood and then ap])ly a vacuum. The 
important itmns to consider, in so far as the effect of steaminfr 
on the strenj^th of wood is concerned, are the temjierature of the 
steam and the l(‘nj;th of time it is applii'd to tlu^ wood. The bi'st 
ilata on this subject known to the author is contaimal in Cnited 
States Torest Service cinailar 39, whi(*h summarizi^s the results 
of about (lOOO tests. Due to the variability of the wood used 
and the com])l(^xity of the problems, it is probable that, further 
ti'sts mig;ht change some of the conclusions there drawn, but the 
essential filatures are probably correid.. In gimerai, it apjmars 
from these tests that steaming at high temiieratures, or lower 
tx'mperatures for long periods, materially weakens the strength 
of wood. The extent of the weakening will de})end upon the kind 
of wood, its moisture content at the time of seasoning, the 
eharacter of the wood structure such as density, rate of growth, 
etc., and the manner in which the steam is applied. Disregarding 
the individual effect of each of these, and lumping them all 
together, the effect of the temperature of the steam and the 
length of time it is applied is shown in Table 35.“ 

’ Circular 39, United States Fore.st Service. 

* United States Forest Service Circular 39. 
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III this table the word “control” refers to the test pieces cut from 
the ends of the tics which were left untreated in order to furnish a 
standard of comparison. It should be noted that these pieces 
w(M(i tested immediately after treatment. It was found that if 
th('y were air seasoned after treatment and tlnm tested they 
r(‘|i;aiued a large part of tlieir original strength. Sufficient reliable 
data is not available to state accurately what is the maximum 
temperature of steaming or maximum duration of steaming that 
slioiild l)C used. The conclusion drawn from the tests just quoted 
was that “for lo])lolly pine the limit of safety is certainly 30 
pounds for 4 hours, or 20 pounds for 0 hours.” It is well known 
that some of the best results secured in the treatment of wood in 
this country have been obtained from timbers (longleaf pine 
piling) which were steamed at higher temperatures and longer 
periods than this, hence it is entirely probable, when full informa- 
tion is available, that more severe steaming treatments will be 
found safe and practicable. 

The Effect of Boiling Wood in Creosote upon its Strength. — 

If wood is submerged in creosote which is heated above the 
boiling point of water under atmospheric pressure only, the water 
contained in the wood will be converted into steam. Unless 
coiilined, the st(‘am will (‘scape and thus the water content of the 
wood will 1)0 reduced. It is obvious, therefore, that l)oiling wood 
in creosote seasons the wood and is quite a dilTerent action from 
steaming wood, which as already described, is simply a means of 
luiatiiig it. If, however, the wood is heated in oil under pia^ssure, 
the action shoidd be similar to that jiroduced by steaming it, 
since the pressure will prevent the water from vaporizing. 

It is well known that rapidly sc^asoning timber is very apt to 
weaken it, because it tends to develop checks and slits. This is 
particularly true of woods having a complex structure such as 
the oaks, maples, etc. Without definite knowledge we should 
tluirefore expect to find a decrease in the strength of wood boiled 
in creosote, particularly if the boiling reduces the moisture in the 
wood much below its fiber-saturation point. Information on 
this point is meager. Some green Douglas fir bridge stringers 
boiled in creosote and then impia^gnated with the oil showed 
nbout 40 percent loss in strength over similar stringers untreated, 
bhis decrease was, apparently, permanent, because a year’s 
seasoning after treatment showed approximately the same 
results. One example does not, of course, prove that the 



230 THE PRESERVATION OF STRUCTURAL TIMBER 


weakening was caused by the boiling, as it may have been duo 
either to the heat or the oil. The shrinkage of timber boiled 
in oil is very rapid and its quite possible that this rapid shrinkage 
may produce injury by setting up a complex series of stresses in 
the wood. Whether or not this is the case and the extent to 
which it may affect the various woods is not known at the 
present writing. 

The Effect of Preservatives on the Strength of Wood. — This 
is a much discussed problem on which little conclusive data is 
available. A number of tests have, however, been made and 
from them certain deductions can be drawn. The preservatives 
which have been tested are creosote, zinc chloride, and crude oil. 

rrcoso/c.— It has commonly been supposed that creosote does 
not enttr the cell walls of w()od and for this reason could have, 
per se, little or no effect on the strength of wood. Careful tests 
by Teesdale^ have shown that creosote enters the cell walls and 
wall cause them to swell. The amount which is absorbed by the 
walls in prjudice is, howcwer, insignificant compared with the 
total amount injected. Wo should expect, therefore, that 
creosote lias but little weakening cffeid, on tlu^ strength of wood 
treated with it. Tests made on creosoted wood, tend to sub- 
stantitatc; this (Tal)lo 0), these being made on small clear speci- 
mens impregnated with about 8 pounds of oil per cubic foot. Green 
loblolly pine steamed and creosoted with about 20 pounds of oil 
per cubic foot showed no loss in strength over the ties which were 
simply steamed and then tested. In fact, in creosoting loblolly 
pine without steaming, the creosoted wood tested higher than 
the untreated wood, the process apparently having a tendency 
to dry the wood. Some full-sized longleaf pine bridge stringers 
steamed, creosotcnl by the Bethel process with 12 pounds of oil per 
cubic foot and then tested, showed no apparent loss in strength 
over the stringm’s t(;sted untreated and carefully matched with 
them. It apjiears that when the wood is not damaged by the 
process, creosote in itself will produce little or no weakening of 
practical significance. Thero is, however, a possibility that 
this will not hold for all kinds of wood but at present data to 
substantiate this is not known. 

Zinc Chloride . — It is well known that a concentrated solution 
of zinc chloride will dissolve wood. In practice, the solutions 

* Circular 200, United States Fore.st Service. 

^ Circular 39, United States Forest Service. 
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rarely exceed a strength of 6 percent and at this concentration 
their action on wood is very slight. The commoii specification 
culls for an injection of a half pound of dry zinc chloride per cubic 
foot of wood. Assume the wood after treatment will season to 
10 pounds of water per cubic foot and the preservative has been 
diffused through it. This will give a strength of only 5 percent. 
If, however, the solution only penetrates the outer fillers of the 
wood and the zinc chloride concentrates itself in these fibers, 
it may reach sufficient strength to do actual harm. In this 
condition the wood is said to be “i)urnt” or “killed” and is in- 
variably the result of poor workmanship. Proper treatments 
use as weak solutions as possible in order to get the requisite 
absorption, and thus avoid any liability to injury of the wood 
fiber. Green loblolly pine treated with zinc chloride solutions 
of various concentrations and then tested in static bending, 
compression parallel to the grain and in impact bending, gave 
the following results when air dried to about 13 percent moisture.^ 


StrenKth of Avctuko strength in 

solution percent of stoaincd wood 

2.5 9S.0 

3.5 ; 05.1 

5.0 01.8 

10.0 01.8 


The conclusions drawn from these and similar tests is that zinc 
chloride when properly injc^cted into wood will not weaken it to 
any appreciable extent under static loading, but apparently tends 
to render it brittle under impact, especially when strong concen- 
trations arc used. 

Crude Oz7.— Crude oil when heavily injected into wood ap- 
parently weakens it. Thus some loblolly pine, shortleaf pine 
and red gum ties, impregnated with al)out 14 pounds of crude oil 
per cubic foot, gave only 73, 72, and 90 percent respectively of 
the strength of the same kind of ties untreated, whereas the ties 
treated with creosote and zinc chloride showed no loss whatever. 

The Effect of Temperature oa the Strength of Wood.— Heat 
tends to weaken wood, cold to stiffen it. In this respect wood, 
therefore, behaves like a plastic material. Tiemann^ has made 
some careful researches along these lines, and the results secured 
by him have been substantiated by further tests. He has soaked 

* Circular 39, United States Forest Service. 

® Bulletin 70, United States Fore.st Service. 
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pi('(‘(\s of longloaf piiio, spruce and chestnut iii water for various 
periods and then tested them at various temperatures, '^h(^ 
general results are shown in d’ahle 30. The tests designated 
“cold’' were made when the wood was at temperatures ranging 
from 7° to 19° F.; those marked “warm” at 45° to 08° F. An 
examination of all the results shows a decided increase in both 
the strength and stiff ne.ss of tlui frozen pierces, (^xcej)ting the 
very dry wood. Of course, in treating op(;ratioiis tlie tim])er 
is seldom frozen, although this at times occurs. On the other 
hand, the temperatures in the cylinder friapiently rise to 250° 
F. It is doul)tful whether this is sulhcicaitly high to causes in itsi'lf 
any permanent weakening in the wood, so that after the tim])er 
has again reacdied atmospheric tempcu’ature no weakening due 
to the temperature of treatment has any pra(d.ical significance. 

Table 30. — The Effect of Tempeuatuiu: on the Stkexgth of Wood 



(SijcoiiiK 

II.S .ibout 2 X 

2 X inches’* 


Kind of wood 

flow 1 
tested 1 

Moisture at. 
test, percent 

Crusfiini^ strength, Modulus of elasticity, 
lb. per s<|. in. ! lb. per .sq. in. 

Longlcaf pine. 

cold 

23 

(),440 

1,418,000 


warm ' 

24 

.'),7r)() 

1,. 300, 000 

.Sj)ru(;e 

cold 

27 

4, ()()() 

81)1,000 


warm 

22 

3,1)23 

7.53,000 

Cho.stnut 

col<l I 

()8 

1 .3,180 

708,000 


warm ; 

72 

1 2,022 

1 .').53,000 


THE EFFECT OF PRESSURE ON THE STRENGTH OF WOOD 

Pn^ssures us(mI in treating timber are all far too low to cause 
any weakening of the wood. A pre.ssure of 200 pounds per scpiare 
inch is about as high as is ever held and even this is much below 
tin; crushing .strength of our weakest commercial woods. It is 
(luite probable that the wood during treatment undergoes a 
slight decrease in volume (less than 0.5 percent in general woods) 
due to the pressure used, but that on the release of pressure this 
is fully recovered. 

The Effect of Various Treatments on the Strength of Wood. — 

We have now considered the individual effect of the various units 
in the treatment of timber upon the strength of the timber. Let 
us now consider their combined effect as shown by some tests on 
treatcid wood. For this information we arc indebted to Dr. W. K. 
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Hiiit, who tested a iiiimher of ties treated by various processes at 
commercial ])laiits. I u oth(u* words, no attempt was made to study 
more than the added effect of all factors (altering into the treat- 
iiurat in order to ascertain whether or not the treatment decreased 
the streiifjjth of the ties over similar ties untreated. The results 
of these tests are shown in Table 37. 


'rAiu.e 37. — SHowiN(i Ekfect of Treateng Ties ufon Their Crushing 
STREN<;T n AND SlMKE tloLUING P()WER‘ 




Crushing 

Rcsist.ancc to 

spike pulling 

i 


.sf rongth at 

in percent of untreated 

Kind of wood 

Trout inn 

ola.stio. limit 
por|ioiulirular 

tie with cut .spike.s 


proooss us(>d 

to Kr.ain in 
poroont of un- 

Cut spike.s 

Screw , spike.s 



troatod fi<‘ 




[ Untreated...' 

100 

100 

173 


1 Burnettized. 

07 ; 

9<S 

172 

U('d oak i 

Lowrv 

104 

93 

103 


Kueping 

92 

93 

102 

! 

[ Full cell.... 

104 ' 

101 

172 


Untreated. . . I 

100 : 

100 

215 


Rueping 

00 ; 

123 

200 

Loblolly pine. ... 

Lowry 

104 

<)4 

219 

Bueping 

112 

100 

240 


Full cell. . . 

100 

84 

184 


[ Crude oil.. . . 

73 

53 

192 

i 

[ Untreated... 

100 

100 

241 

Shortleaf })ine....l 

J Uue[)ing 

] Full cell... 

103 j 

108 1 

100 

103 

200 

223 


[ Crude oil.. . 

72 

45 

170 


f Untreated... 

100 

100 

202 

Longleaf pine. . . . ^ 

s Hiie|)ing 

100 

1(K) 

205 


[ l«'ull cell .... 

101 

105 

270 


[ Untreated... 

100 

100 

228 

Red gum 

1 Rueping 

97 

102 

222 

I Full cell.... 

99 

105 

252 


1 Crude oil — 

90 

70 

270 


‘ A part of the difi’ercnces in strength here noted arc due to varying 
moisture contents of the ties and the fact that different ties had, of course, 
to 1)6 used, it being impossible to keep these absolutely uniform. 

Data taken from cxi)eriments made under the direction of Dr. W.K. 
Ilatt and publislicd in the bulletins of the American Railway Engineering 
Association. 




234 THE PRESERVATION OF STRUCTURAL TIMBER 


It will be tinted that all the treatments show little or no deiat'ase 
in strenj^th with the exception of crude oil. The increases noted 
may be due to sii|)(a-ior wood in the treated ties or to their htiviiiK 
drii'd out more than the untreated ties or to a comlnnatiou of thesi' 
two. Of cours(‘, all these conclusions presujtpose that the treat- 
ments w(M-e pro])(;rly made and are normal. Had mana^iianent on 
the part of the treating engineers would, undoubtedly, hav(! 
yielded entirely different results. 

The Electrical Resistance of Wood Treated with Creosote and 
Zinc Chloride.— This a matba- of consid(‘rabl(^ importanci^ to 
stiaim railroad compani(‘s in the operation of their blocksignals, to 
(dectric traction companies in the return of their current, and to 
tele]dione and hydro-electric c,om[)anies in the s(H‘page of current 
carried in wires ov(‘r their poh^s. As is usual in problems of 
this kind, the opinions of opi'rating men vary considiu’ably, and 
little agreiunont is found. Mr. J. T. Hutbu'field conducted somi; 
inten'sting and valuable experiments on this probhun at Purdue 
rniversity in 1910, with ties tr<‘ated at commercial i)la,nts, th(! 
following information lieing taken from his work: 

‘‘'riie ri'sistaiKM^ was imutsund by the method commonly used 
for measuring the insulation ri^sistjinci^ of electrical machinery, 
naiindy, by means of a direct-current voltmeter of known riisist- 
ancf‘. This nndhod was apfiliial in tw'o ways. (1) 4410 contact 
surfaci! for flow of curnait in the ties was a sawn surfac(‘ as nearly 
plane as j)ossil)l(‘. (kintact pressure of 250 pounds per sipian' 
inch was aj)pli(‘d in a Hiidde Testing Machine liy means of sheet- 
iron pans, })lac(!d one aliovii the other and filled between with 
dry sand, by which constant surfaiai n^sistance was obtained. 
(2) After sonn^ of the fundamental laws were investigated, the 
resistanci; of the various ti<?s was compared by measuring the cur- 
rent flowing Ixdaveim two s[)ik(!s driven 20 inclu's apart in the 
face of i;ach ti(‘. ,44ien I lu; ndation of th(;se lattiu’ t(\s<,s, b(d,w'een 
the two spik(‘s, to the conditions obtaining in a full tie with 
rails spiked thereto was investigated. 

In lieginning the te.sts the principal elements which cause the 
resistance to vary were detcwrnim^d and investigated in the follow- 
ing order: 

1. Amount of moisture present. 

2. Kind of wood. 

3. dVeatmimt. 

4. ]4ir(a;tion of grain. 
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5. Contact pressure 
(). Temperature. 

7. Amount and time of current flowinji;. 

8. Dimensions of specirmiii. 

Moisture. — The important effect of moisture is plainly shown 
by the following tables, determined by the testing-imichino 
method: 


Tkst of Red Oak 


Zin<--chloriil(! Iiciiliui'iit 1.7 ix'rociit 


it, iiioi.sturo 

OJim.s per fu. in. 

11.4 

3, :{70, ()()() 

17. 

414,000 

19.1 

94,000 

27 . 1 

2,140 

‘M).7 

i,:isi 

47. 

1,310 

52.2 

1,100 

rntroalod 

i:i.:i 

5,020,000 

17. 

7S 1,000 

21 .(1 

19S,000 

2() . 0 

i:i(),:ioo 

:4S.() 

7,100 

4;i.3 

0,410 

47.3 

5,070 


In order to investigate the longitudinal distributionof resistance 
through a tie, a numl)er were cut up into 0-inch lengths and the 
resistance measured paralh^l with the grain. The results plainly 
showtul that there; was an (;normous resistance at the ends of a 
tic;, which may have a uniformly low r(;sistance in the interior. 
The cause for this high-end r<;sistance was, of course, the drying 
out of the ends. 

KIND OF WOOD AND TREATMENT 

In measuring the resistance of different woods, the method 
used was that of determining the resistance between two spikes, 
as described above. The ties were g(;nerally tested in the yard 
and had been piled. Some were covered and were no doubt less 
dry than others. Variation in resistance of untreated tics of 
same species is to ])c accredited to moisture variation, (jcnerally 
tests of 5 treated and 15 natural ties enter into the average. 
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Lowry Creosote Process 

Resistance 

Ratio of, 


(incKohma per half tic) 

treated to 


Natural 

Treated 

natural 

Red oak 

0.182 

0.177 

0.973 

Loblolly piiic 

Rckpino Process 

5.. 58 

5.05 

0.91 

Shortleaf pine 

2.97 

1.035 

0.35 

Loiigloaf pine (very dry) 5.4 

6.05 

1.12 

Red gum 

0.39 

0.22 

0.58 

Loblolly pine 

1.40 

1.41 

0.9G 

Loblolly pine 

Full-cell Process 

2.94 

1.00 

0.34 

Shortleaf pine 

3.41 

2.70 

0.79 

Longicaf pine 

1.80 

2.2 

1.22 

Red gum 

0.225 

0.28 

1.24 

Loblolly pine 

4.47 

0.905 

0.20 

Red oak 

Zinc Chloride Process 

0.08 

0.0125 

0.150 


DIRECTION OF GRAIN 

The diicction of the grain has a decided effect upon the 
resistance of wood, and as the resistaiK^e of ties was taken parallel 
with the grain, little consideration was given the question aside 
from the following tests: 

IlESISTANCK IN MeoOUMS 


Kind of wooil lludial to Tann'Milial IVrom 

d-iti. culx -t, EfiiKth Krowtli to (growth nioistu 

air dri<“(l ririKS riiiKa 

Natural red (>:ik 0.0175 0.12 0.15 25 

Natural red oak 0.0175 0.011 0.07 40 


CONTACT PRESSURE 

The study of the effect of contact pressure on a number of 
different specimens held between contacts in the testing machine 
and involving the longitudinal resistance corresponding to 
diffment loads developed the following results. As would be 
expected, it was found that the resistance decreases rapidly with 
increase of contact pressure. 
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Red Oak, Zinc Chloride Treatment, .3-in. Cures 


tiCngthwiao of grain 

Air dried 

Lb. per 
sq. in. 

Ohm.s 

500.0 

175 

278.0 

180 

.50.5 

220 

22.2 

270 

8.9 

400 

3.3 

575 

1 .0 

1.5,')0 

0.0 

5850 


Red (ium, 

N.VrURAL, .3-in. (hillES 

Lengtliw.se of grain 

Air dried 

55.5 

20,400 

33.3 

20,800 

22.2 

27,700 

15.5 

.30,3.50 

11.0 

32,700 

7.9 

33,000 

5.5 

39,100 

0.0 

07,000 


TEMPERATURE 

Some proliniiiiary tests were made upon the lies to discover 
the effects of temperature. 3’he results, nltliougli not capable 
of representation by a smooth curve, showed that the resistance 
decreased with an increase of temperature in a near’ly direct 
proportion. 


Red Oak 

Zinc chloride treatment— -testing machine method, haul of grain 
Block = .5 X <S X () inch 


Temperature 

= average of six thermometc 

Te in pern t lire. 

Hesi.stanee 

degrees C. 

ohms 

0..33 

2500 

3.65 

2100 

5.70 

1945 

7.. 50 

1820 

10.70 

1.560 

12.20 

1270 

14.. 50 

1050 

16.70 

910 

21.00 

670 

22.50 

623 
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ELECTROLYTIC EFFECT 

Wliile measuring a low resistance in the testing machine with 
a high voltage it was noticed that tlic voltmeter needle tended 
to fall hack rapidly if the circuit was allowed to remain clos('d 
foi a short time. This pointed to some kind of an electrolytic 
('ffect, and some tests were therefore made in which the current 
was allowed to flow for some time until the resistance becanu' 
iK'ai'l}’ constant. Then the circuit was opened and the specimen 
allowed to recover. The following are the results: 


Electrolytic Effect 

Natural rod oak. (iO porcont moisturo 


'J'imc 

Vults 

Ohma p(!r 
cu. in. 

0.00 see. 

13.00 

1010 

0.15 see 

12.80 

imo 

O.aO see. 

12.70 

1100 

1.00 min. 

12.01 

1248 

2.00 min. 

12.55 

1288 

5.00 min. 

12.50 

i:i20 

4 00 min. 

12.47 

1340 

0.00 min. 

12.41 

('irruit opened 

1380 

7.00 min. 

12.40 

1380 

8.00 min. 

12 70 

1140 

0.00 min. 

12. SO 

1101 

10,00 min. 

12.02 

1050 

11 .00 min. 

12.02 

1050 


INFLUENCE OF VOLUME 

'The relation of resistance to the dimensions of the specimen 
was plainly showed to vary the same as with any conducting 
material. 


Red Oak — Zinc Chloride Treatment 


Length 


Section 

Resistance, 

ohms 

0 in. 


3 sq. in. 

9,790 

0 in. 


3 .stj. in. 

10,030 

12 in. 


3 sq. in. 

22,500 

15 in. 


3 sq. in. 

35,500 



Red Oak — Natural 

Length ."I in. Cross section varied 


Cro8.s section, sq. in. Resistance, ohms 


0 

6,000 



18 

11,(K)0 



27 

10,000 



36 

22,000 
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RELATION OF TESTS BETWEEN SPIKES TO ACTUAL TIE 


A few tosis wore made with rails spiked to a whole tie, and the 
resistance ineasured and compared to the resistance of spikes 
20 inches apai’t. 

The resistanec between the rails spiked to the whole tie was 
found to be about 18 thnes the resistance between spikes 
driven 20 inches apart and 4 1/2 inches in the face of the tic. 

The moisture condition of the siii'facc of the tie was artificially 
varied. 

H = The percentage increase in conductivity between rail and 
tie, due to rail bearing. Tor example, the value of H = 0.95 
for oak tics is found as follows: 


1 _ 1 
44400 44S00 

X 

44806 


100 = 0.95 pru'cent. 


CONDUCTIVITY OF TIE WITH RAILS SPIKED THERETO AS COM- 
. PARED WITH SPIKES ALONE 


Scctiufi of 85-1)01111(1 Rail S|)ike(l to 'I'u';! 

at Standard ( 

lage Dist; 

ine.e. N 

() is Rod Oak. No 

. 7 is c.lK'stnnt 



Condifion of lio 

OhiMsi. II. 

Pcreoiit. 

Drv; spikes only 

. 1 No. 0 

44,800 

0.05 


1 No. 7 

0,.50() 

2.10 

Dry; with rails 

. f No. 1). 

14,400 



1 No. 7. 

, o,:m)o 


Wet at rail hearing; spike.s only 

. \ No. ti. 

4:4700 

t) 90 


i No. 7. 

9,100 

0.70 

Wet at rail bearing; with rails 

. f No. 0. 

4:4:U)0 



1 No. 7. 

8.800 


Wet all over; with rails 

. f No. (). 

27, sot) 



\ No. 7. 

7,700 


Rottoni of tie in wet gravel; with rail. . . 

No. t). 

10,270 


Tie in moist gravel })allast; with rail. . . 

No. 7. 

4,:k')0 


'hie in very wet ballast; with rail 

. )' No. 0. 

0,780 

7.08 


\ No. 7. 

0,220 

0.52 

'Same as above; spikes onlv 

. 1 No. 0. 

7,:ioo 



1 No. 7. 

,‘4400 



The resistance of the l)earing betwc'cn a newly spiked dry rail 
and a dry red-oak tic will be found to be approximately 1 per- 
<“ent of the total conductivity of the tie, but after the spikes 
have loosened the pressure on the rail bearing is about the 
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weight of rail per tie divided by the area of the bearing. Tliis 
is about 2 pounds per square inch. Such light pressure means 
high contact resistance. Considering tlie further fact that the 
crosswise resistance of a tic is several times its lengthwise 
resistance pe/ unit of length, and that all leakage current thi ougli 
the rail bearing must pass through a considerablo amount of 
cross-grain resistance, the total resistance of the leakage path 
between rails is very high. 

CONCLUSIONS 

The results obtained tend to establish the following conclusions: 

Timber is ordinarily classed with the noncondindors. Wlnai 
dry and well seasoned, it lias a very high dielectric strength and 
practically infinite resistance. When green or moist, however, 
timber becomes a kind of electrolytic conductor of compaiaitividy 
low resistance. The treatment with zinc preservatives has the 
simple effect of producing in the wood a stronger electrolyte and 
hence a better conductor of current. 

1. The resistance of timber varies directly with the length 
and inversely with the cross section. 

2. The resistance of timber varies almost inversely with th(‘ 
amount of moisture pre.sent, between the limits of 15 and 50 
percent. 

3. 'bhc resistance of timber is lowest when measured along 
the grain, and highest when measured tangentially to the growth 
rings. 

4. When treated with a soluble salt such as zinc chloride, 
the resistance varies approximately inversely as the amount of 
the salt present. 

5. Treatment with such a soluble salt docs not change tlx; 
behavior of the resistance with respect to the percent moistui(' 
present. Only the amount of the resistance is changed. 

6. Tlic resistance of timber varies almost inversely with the 
temperature between the limits of zero and 50° C. 

7. The resistaiice of nonporous woods, such as the pines, 
is higher than that of porous woods, such as the oaks and red 
gum. 

8. Treatment of timber by different creosote processes does 
not greatly change the natural resistance of the timber. 

9. Finally, all the data taken goes to establish the view that 
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the conductivity of wood is due primarily to the presence in the 
pores of an electrolyte formed by an aqueous solution of the 
sjdts found in the natuial tind^er, or of these salts and others 
artificially introduced. 

Assuming the worst condition for leakage covered by the test, 
i.c., red oak ties treated with zinc chloride laid in wet ballast 
and with wet lail bearings, the resistance between the rails of a 
block 1 mile in length would approximate 30 ohms. This 
would permit a leakage current of 0.05 aiiiperc to flow witli the 
battery voltage of 1.5 volts. The leakage loss would, there- 
fore, bo 0.075 watt, or al)Out 30 percent of the power required to 
operate the relay. This sholud not .seriously interfere with the 
operation of signals, as leakages up to 60 percent exist without 
such serious interference. 

It is to be regietted that determinations of resistance were not 
made with wet ties or with ties and rails paitially immersed in 
water, as is sometimes the case in practice, for it is believed that 
under such conditions the leakage current would probably be 
suiii(uently large to interfere with the succe.ssful operation of 
relays. 

As a final conclu-sion, it should be noted that siiu e the above 
results show only a reduction in resistance of a tic of fj om 20 to 
53 percent when treated with zinc chloride, depending upon the 
percentage of moisture, while a <*hange of resistance by the ratio 
of 25 to 1 may be efTceded by varying the kind of wood, a change 
of 33 to 1 by varying the pre.ssure upon the tie sufficiently, and of 
3.7 to 1 by temperature changes, it follows that the treatnnmt of 
ties w'ith preservatives should not inteifere with the ojierationof 
signal circuits, except possibly in exceptional cases in wliich the 
resistance of the leakage paths is abnormally low from other 
causes. ’’ 

From a number of inquiries, it is the experience of several 
signal engineers that-little or no difficulty will be experienced with 
zinc treated ties if the distance between signal blocks is not too 
great and if the ties are not laid green. Some of them have 
^^hortened the distance between signals to about 1000 to 1200 feet 
and report complete satisfaction. Against creosoted ties no com- 
plaint on this account is made. 

A number of traction companies state that the zinc-treated 
ties corrode their spikes very rapidly and for this reason they are 
opposed to using them. It is entirely possible that this will occur, 
16 
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especially if the tics are liable to hold much moisture and are 
situated a long distance from the power house. Ties which can 
1)0 kept fairly dry, and can be laid close to the power house so that 
the retiun current will be through them, rather than away from 
thorn, should give little ti’ouble. 

The leakage in cuiTont in poles and cross arms treated with 
soluble salts should Lc very slight and of little or no practic al 
consequence since they are not counted upon for insulation, 
this being taken care of by the insulators themselves. However, 
it seems entirely prolrable that creosoted poles and arms will tend 
to resist leakage moi*e than those which are salt treated bccaus(' 
they will, in general, contain less moisture. As already stated, 
such a difference can at most have little practical significance and 
for this reason treated poles can undoubtedly be used in the same 
manner as untreated poles. 



CHAPTER XIX 


THE USE OF SUBSTITUTES FOR TREATED TIMBER 

By the term “buhstitiite” is here meant a matciial which is 
offered in place of wood, wood having been the standard. Thus, 
although wood and asphalt arc both used extensively for street 
pavements, asphalt is not considered a substitue for wood but a 
competitor of wood. On the other hand a concrete tie is a 
“substitute” for the wood tic. With this distinction in mind, 
a clearer conception of the inroads being made by other materials 
can be had. It is not intended to discuss in this chapter the 
gauieral substitution of other materials for wood but only for 
( reated wood. This has taken i)lace in a wide variety of products 
aJid, in certain instances, is making rapid headway. It is caused 
by the rise in the price of timber, the demand for better con- 
struction and an improvement in the manufacture of the sub- 
stitutes. 

Substitutes for Wood Ties. — This was one of the first fields 
entered and thousands of dollars have been spcait in attempting to 
find a satisfactory substitute for wood ties. Ties made of steel, 
concrete, leather, and combinations of these materials have all 
been tested both in this country and abroad. Best success has 
been had with the steel ties, but their introduction has been very 
slow, and the results .secured from them by no means all that is re- 
quired. The American Railway Engineering Association has gone 
rather extensively into this problem and has made a report con- 
taining much valuable data. ^ It states that “an improved form of 
steel tie, as shown in Plato XXII, Fig. C, of the type manufac- 
tured by the Carnegie Steel Co. with metal plate over the insu- 
lating fiber and with the wedge clip rail fastening, seems to be 
very promi.sing.” A few railroads report .sati.sfactory experience 
with the steel tie, while other companies have discarded them. 
The general consensus of opinion at present seems to be that 
these ties are still in the experimental stage but worthy of trial. 

As a result of its studies, the American Railway Engineering 

‘ Bulletin 108, American Railway Engineering Association, 1909. 

243 
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Association committee concludes ^‘that no form of reinforced 
concrete tie has been made which is suitable for heavy and higjh- 
speed traffic, l)ut believes a properly reinforced concrete tie, wit h 
proper fastenings, may be found economical in places where speed 
is slow and where conditions are especially adverse to the life of 
wood or metal.” ThcLakc Shore k Michigan Southern Kaili oad 
placed some ‘‘Biihrer Concrete Ties” in its track at Sandusky, 
Ohio, in 1904. There were no renewals up to 1908 and all the 
ties appeared in good condition. The more common experience', 
however, seems to be like that of the Pennsylvania Pailroad, which 
placed 500 of these ties in 1903. “ The concrete broke and crum- 

bled and by December, 1906, all had been removed on account 
of breaking.” Kimball, Percival, Affleck, Chenoweth, Keefer, 
Hickey and Alfred concrete ties tested ]:)y various railroads all 
cracked or crumbled in 2 or 3 years although in a few cases longer 
lives were secured. It appears, therefore, that a satisfactory 
substitute for the treated wooden tie still remains to be found. 

Substitutes for Wood Poles. — Iron, concrete and glass have 
been tested for i)ole.s. Tii cities, the iron pole has given very good 
use and has very largc'ly rej)lac(‘d the wood pok's. Howevei*, in 
the larger cities, even the iron pole has been done away with, ex- 
cept for street lighting, its place Ixdng taken l>y conduits. Wood 
poles are still used in large quantities in towns and cities and in 
the country for trolley, telephone, telegraph and high power ti’ans- 
mission lines, although with the latter, steel towers furnish the 
V)est construction, ("oncrcte poles are larg(‘ly in the ex[)eriinental 
stage as yet. Poles 100 feet or more in length have, however, been 
constructed of reinforced concrete. On account of their givat 
weight, high cost, and difficulty of handling, it is doubtful whether 
concrete poles will make serious inroads on wood poles for years 
to come, except perhaps in isolated cases. Concrete poles have 
not been in service long enough to know their merits. 

Glass poles are purely an experiment and, from the results 
secured thus far, success .seems doubtful. 

A review of past experiences shows that only in largo cities has 
any material been successfully substituted for wood in the manu- 
facture of poles, and that no substitute which gives promise of 
extended usage is in demand. 

Substitutes for Wood Piling. — Wrought iron, cast iron, steel 
and reinforced concrete have all been used for piles. Iron in all 
its forms is, of course, free from attack by the marine borers. 
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It corrodes, however, when driven in sea water. Wrought iron 
apparently corrodes more rapidly than steel which contains 
about 0.1 percent of carbon. Cast iron becomes pitted, tln^ iron 
being gradually dissolved leaving the carbon. The life of iron 
j)iles is not known, but from tests made by various investigators, 
it appears that wrought iron and steel will corrode at the rate of 
about 0.40 inches per 100 years. The actual usefuhu'ss of the 
pik; will depend largely upon the extent to whitdi it becomes pitted 
and ap])arently this varies between very wide limits. 

Itc'inforced concrete piles have been used since 1890 and large 
mimbers have been placed in various harbors of tla^ world. 
Tliese pil(‘s, are attacked at times by the sea wat(‘,r, which 
(lisint('grates them. Furthermore, alternate freezing and thaw- 
ing have, in cases, cle.av(Ml off nimdi of the concrete. Yet in 
spite of these difTiculties, con(;r(‘te piles pos.sess considerable merit 
and give promise of Ixnng porfe(4.ed to an extent where they will 
prove free from these ol)jections. (k.)ncrete piles have not been 
us(‘d sulliciently long or driven in sufficient numl)ers and under 
such conditions as to furnish reliable data on their probable life. 

Substitutes for Wood Posts. — Consideral)le progress has Ix'en 
made in manufacturing concrete posts, and several railroads in our 
country are now using large quantities of them. The cost of 
making the posts varies from about 10 to 25 cents each. Nothing 
is known of their life, but this is estimated by several manufac- 
tures to 1)0 at l(‘ast 40 years. Concrete posts are heavy, trouble- 
some to jnake, liable to be thrown by frost heave, require careful 
liandling and have otlua* ills, but in spite of them all, they 
possess much merit, particularly because of their dural)ility and 
aj)pearaiice, and have umpiestionably come to stay and their con- 
sumption will increase. (See Plate XXII, Fig. D.) 

Posts are also made of cast iron, iron pipe and galvanized sheet 
iron, but the number is so small as to l)e insignificant and prob- 
ably will always remain so, except for a comparatively few 
special cases. 

Substitutes for Wood Mine Timbers. — (k^ncretc, masonry and 
steel have all been substituted for wood mine timbers, but only 
in isolated cases. Concrete mine timbers are very expensive, 
their installation interferes with the working of the mine and in 
some cases they are crushed before they become “set.” It is 
doubtful if they will come into general use. (See Plate XXII, 
Fig. A.) Iron mine “timbers” have been tested both here and in 



246 THE PRESERVATION OF STRUCTURAL TIMBER 


Europe. They arc expensive, difficult to install, and are corroded 
by the mine gases and water. Furthermore, if the mine once 
starts to “cave,” the iron “timbers” will fail although they will, 
of course, hold a greater load than wood. In Europe a unique 
method in the design of iron props has been tested. It consists 
of two hollow pipes, one of which fits snugly inside the other. 
Found iron balls are then placed in the lower pipe. In this man- 
ner the upper pipe can be extended and held by the balls, pre- 
venting further telescoping. When it is desired to remove the 
prop, a plug in the lower pipe is opened and the balls allowed to 
roll out. This inak(\s a prop which can be fitted into place. Its 
cost, of course, is liigh and in addition it is subject to most of 
the olqections raised against iron mine “timbers.” Our largest 
iron and steel company is using enormous quantities of wood in 
its own mines, some of which is treated with preservatives. 
Masonry, is, of course, out of the question because of its high 
cost, trouble in laying, etc., except for very unusual situations, 
so it dou))tless will never become a serious rival to other forms 
of “timbering.” 

Substitutes for Wood Bridge Timbers. — Steel, masonry and re- 
inforced concrete have almo.st entirely replaced wood in the 
construction of permanent bridges. In addition to possessing 
greater strength, such bridges are less subject to destruction by 
fire. In so far as durability between steel and wood bridges is 
concerned, doubt still exists in the minds of some engineers and 
conflict ing data have been submitted. Creosoted wood bridge 
timbers are known to have existed in perfect condition for over 
30 years in the South where decay is generally rapid. Appre- 
hension of the gradual deterioration (“fatigue”) of such timber 
due to repeated impacts, does not appear well founded. Some 
railroads in our country are laying creosoted bridge timbers on top 
of steel members, thus adding to. the elasticity of the bridge and 
deadening of sound. Considerable quantities of wood are still 
used on steel l)ridgcs in the form of ties, guard rails, wall plates, 
etc., aTul in wooden bridges and tre.stlcs, but as the demand for 
high grade pt'rmanent structures increases, the use of wood will 
unquestiomibly decrease. It is likely, however, that a demand 
for wood shields under steel bridges which are subject to corro- 
sion from the locomotive; stacks will increase, especially when the 
wood is rendered rioninflainmable. 
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Fiu. B. Iiuli.-iiiM. 'Pic (’omiKiiiy's wood preserving idniit, Joppa, 111. 
Note de[)resse(l tmeks ami iiiaiim'r of nmuitig eylimler ears on nat ears for 
loading lies into box ears for slnpinent. 


{Faciiii/ pdiji' 24 (i ) 



Ki(i. n.--W.,»,l ,i„wel.s s,.r,.w.Kl int,. H„ft,wn,„| (i,..s uh 
spike cutting. 
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Substitutes for Wood in Buildings and Cars— As only small 
quantities of treated wood are used in the construction of 
Imildings and cars, the substitution of other materials affects Init 
little the wood preserving industry. 

A special committee of the American Railway Association ap- 
pointed in 1912 circularized the railroads of the United States 
and received reports from 247 railroad companies operating 
227,754 miles of track. The object of tlie circular was to ascer- 
tain the progress being made in introducing steel passenger cars 
in place of wooden cars. The following table summarizes the 
findings of this committee: 



Total 

sa-ci, 

]*<‘rc(‘ntaKC’S 

Wood. 


nunibor 

jtcrcotit 

hU'cI UncT 
framo 

porcent 

1009 

IHSO 

20.0 

22.0 

51 . 4 

1010 


55.4 

14.S 

20.8 

1911 

3750 

59.0 

20.3 

20.7 

1912 

2000 

OS. 7 

; 20.9 

10.4 

Jiinuarv, 1912 

(Under construction) 

1049 

S5.2 

11.5 

3.3 


The substitution of steel for wood in freight cars is also taking 
place at a rapid rate. While opinions vary widely at present, it 
appears that a combination of steel and wood will bo the ultimate 
solution of many of the freight car problems. Similar changes 
lire taking place in the construction of buildings in cities wluu'e 
the tendency is to reduce the fire hazard to a minimum. St(‘el, 
concrete, and clay products have replaced wood to a very 
large extent and there is little doulit l)ut what such replace- 
ment is permanent. In certain cases, however, a reaction has 
set in, as it was found that many buildings supposedly ‘Tire- 
proof” were really not so when put to the test. Thus wood 
floors and trim will probably remain for years to come. “Slow 
burning” factory construction has also been in demand. It is 
believed that “fireproofing” wood used in such buildings will do 
much to remove some of the serious olijections raised against 
wood and that this phase of the wood-preserving industry will 
grow to much larger proportions than at present. 

Substitutes for Wood Shingles. — There is a great variety of 
roofing materials such as metal, slate, tile, asbestos, etc., now on 
the market which are replacing shingles. This has been brought 
about largely through the demand for fireproof construction — 
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certain cities having passed ordinances prohibiting the use of 
wood shingles within their congested limits. As buildings be- 
come more crowded and permanent, wood is invariably replaced. 
In general, roofs built of these “substitute” materials cost more 
than shingle roofs, not only for the covering itself, but for the con- 
struction necessary to hold up the greater weight. It is possibl(‘ 
that the progress being made in “fireproofing” shingles, will do 
much to retain their existence. If this one very serious objection 
could be removed, wood shingles would remain in favor. They 
possess certain characteristics such as cheapness, ease of re{)a,ir, 
light weight, adaptability to artistic design, durability, resistances 
to heat transmission, etc., which are in strong demand. 

Substitutes for Wood Conduits and Pipes. — The use of treated 
wood for these purposes is quitch small, and forms but a small 
percentage of the total amount. Fiber conduit, tile, brie*k, Miiel 
steel are all used in large quantities. Creosot(‘d wood conduit is 
very durable and has given excellent service. It is comparatively 
inexpensive, easily laid and resistant to injury from settlem(‘nt 
of the surrounding earth. The oil will, of course, attack rubber 
and under certain conditions cannot be used. Largo quantities 
of wood have been used in building pipes, particularly for irrigat- 
ing purposes. One decided advantage secans to be a lowering in 
the coefficient of friction through use -a result quite the opposite 
of nudal, which t(aids to become rough and Inaice decrease the 
quantity of water which flows through it. 



CHAPTER XX 


APPENDICES 

Minor Wood-preserving Processes. — No attempt is made to 
list and describe all of the various proc«^sses which have been 
advanced in this country to presc^rve wood from decay. To do so 
would prolong this book to several volumes. Some idea of the 
number of wood-preserving processes suggested can be gained 
by examining tlie list of patents givuui below. But to inform those 
who might wish information on this phas(‘ of wood preservation, 
a number of the better-known and more interesting methods 
will be bri(dly discussed. Some of them may eventually 1)0 
extensively practised in our country. 

Thilmany Process. — Patented by Thilmany in 1876, the proc- 
ess consists in im))regnating wood with copper sulphate (later 
zinc sulphates was sul)stituted) followed by a second injection of 
Itarium chloride. The object was to produce a chemical reaction 
giving copper chloride and ))arium sulphate; the latter being 
insoluble in water was inbuided to plug the wood and prev(uit the 
copper chloride from leachitjg out. The process was tested by 
s(!veral railroads in this country without apparent success. 

The B-M Timber-preserving Process. — This process uses 
a combination of zinc chl<»rido and aluminum sulphate as 
(■overed by patents hekl by llul)ertumiihle of Schopfurth, 
Mark, ({(wrnany. It is claimed that the aluminum sul|)hate is 
not only an antiseptic salt, but giv(^s a b(dter solution to the zinc 
chloride and carries this salt dcM^per into the wood. It is also 
claimed to combine in part with the wood structure. The 
solution is injected into tim])er much in the same manner as zinc 
chloride in the Buriu'tt process except that the temperatures arc 
l<ept somewhat lower. Erom analyses of treated wood made by 
certain reputable clnunists, it appears that better penetrations are 
secured in the B-M proce.ss than in the straight Burnett process. 
8ome treating companies in the United States are now ready to 
treat timber by this process. 
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The Goltra Process. — Named after W. F. Goltra of Gleveland, 
Ohio. For handling ties the distinct slops in the process are: 

(o) Steaming ties upon delivery at plant. 

{})) Stacking ties for open-air seasoning. 

(e) Machining ties. 

(d) Drying and warming ties in ovens. 

(c) Impregnation with antisc'ptic liquid. 

The novel features in tiic process arc the steaming of the ties 
on delivery at the plant and then air -seasoning tlaun; also 
warming the ties in ovens l)efore injecting the preservative. So 
far as the author knows, this process is not in commercial us(', 
although it has been considerably agitated in the past few years. 

The Hasselman Process.— Patemted in the United States in 
1897. This proc<'ss consists essentially in injecting into wood 
a solution containing sulphat(*s ul iron and aluminum to which 
“Kainit’’ is added to neiitralize th<' free acids which may be 
formed. The process was b'sted e.xperimentally in T(‘xas with 
poor results. Since then certain modifications of the process 
have been proi)ose(l by Barschall and some timbei* treat('d in this 
maniK'r is now under test by the United States Forest Service 
with no conclusive results to date. 

The Creo-Resinate Process.- -First practised by the Unit('d 
Stat(‘s Wood Preserving Company, i)articularly for the treatiiKMil 
of paving })locks. The wood is subjected to a dry heat, after 
which a vacuum is drawn and the creo-r(‘sinate mixtun' forced 
into th(' w’ood. This mixture consists of cn'osole (al)out 50 
percent), 48 percent rosin, and 2 pc'rcent formaldehyde. A 
subsequent treatment with a solution of lime is then given. It is 
understood that the original 1 nail ment has undergone considerable 
chang(^ since it was first advocated. 

Robbins’ Process. — Practisetl l)y the SufTold Wd)od Pre- 
serving ( 'ompany of Boston about 1869. It consisted in passing 
vapor of naphtha into the relort aftiu- the wood had been run into 
it, the vapor being lu'ated to about 250-300° F. This vapor 
was to expel the water from the wood, coagulate the allninien, 
and expand the wood pores. The temperature in th{‘, I’etort 
was then raised to 400° F. and vapor of en'osote passed into t he 
wood. The process was tested extensively, ])ut failed. 

Powell Process. — This is an English process which has been 
tested extensively abroad but is little known in our country. 
It consists in boiling wood in a solution of sugar for a few hours 



APPENDICES 


251 


and then drying it in an oven at high temperatures. It is said 
to render wood resistant to ants and decay and nonabsorpt ive 
to water. Tests known to the author indicate the process has 
decided merit in ovei’coming the hygroscopicity of wood. 

Creoaire Process.- — Advertised by the International Creosot- 
ing & {Construction (Jo. It consists in treating wood simil:ir 
to that employed in the full-cell creosote process, but after tlie 
desired amount of oil is forced into the timl)er the cylindei* is 
drained of excess oil and an air pressure applied to drive the ()il 
further into the wood, thus producing an “empty-ccdl” effect. 
T(>sts made by the author show that this nu'thod drives con- 
siderable oil out of the wood and may cause “bk'eding.’’ 

Vulcanizing Process. — Practised by the New York Vulcaniz- 
ing (V)mpany of New York (hty. Sometimes called “Iluskins’ 
process.” The timl)er is pIa(H‘d in the treating cylinder. Air 
compressed to 150 to 200 pounds per square; inch is them foi’cod 
into the wood through a water separator to nunove moistmc', 
and heated to about 400 to 500*^ F. for about 8 hours. The 
process rapidly removes the water from the wood, and ))rodueing 
a partial distillation, is claimed to render it antiseptic. A large 
number of ties have been treated by this process, some of which 
gave long service. 

Cresol-calcium Process. — This is a Swedish process not 
practised in this country except experimentally. Agents are 
Blagden-Waugh Company of London. The timber is liandh'd 
much as in Burnettizing except that the solution consists of a 
mixture of milk of lime and crysilic acid resulting in calcium 
crysilate. It is under test in several places in the United States 
but apparently with little success. 

PATENTED, PROPRIETARY, AND MINOR WOOD PRESERVA- 
TIVES USED IN THE UNITED STATES 

A number of wood preservatives which fall under this heading 
are used in the United States, few of them in any appreciable 
amount. Perhaps the best known are the “carbolineums,” 
which are used quite extensively, especially for luush-treating 
timber. 

Cresol-calcium.— This is handled by Bladgen-Waugh & 
Company, London, England, Messrs. Heidenstam and Freud- 
rnann being the inventors. It has been tested experimentally 



252 THE PRESERVATION OF STRUCTURAL TIMBER 

in ilio United States but is not used couimercially here. The 
results secured thus far have not been very satisfactory. Tla^ 
preservative consists essentially of cresol (“tar acids”) and 
milk of lime mixed in varying concentration up to 15 percent, in 
strength and impregnated in a manner similar to Burnettizing. 

S. P. F. Carbolineum.— -Handled ])y Bruno-Grosche & Go. 
of New York City. It is a preservative distilled from tar, which, 
according to the engineering departinent of the American Tele- 
jdione and Telegraph Company, is somewhat similar on distil- 
lation to Avenarius Carbolineum. It has been used in this 
country for many years and has given good results. 

Avenarius Carbolineum. — Made in Germany, but handled by 
th(‘ Car])olineum Wood Preserving Company of Milwaukee, 
Wis., and otluu' cities. It is essentially a liigh-grade distillate^ 
of coal-tar specially manufactured and has been used in this 
country for many years with good results. 

C-A-wood Preserver. — A foreign-made product handled in 
tliis country by the OA-Wood Pre.server Company of St. Louis, 
Mo., with agencies in other cities. Essentially a high-grade 
distillate of coal-tar, which has been used in this country for many 
years wit h good results. 

Timberasphalt. — Sold by the Indian Refining Company of 
New York (fity. It is an “asphaltic flux” resulting from the 
refining of crude oil, and has no mark(‘d antiseptic properties, 
relying more on its waterproofing and “plugging” action to 
pre.servc; wood. It is oikj of the more recent preservatives 
placed on the marked,. 

Preservol. — Sold by the Newbold Manufacturing Company, 
135 Greenwich Street, New York ('ity. Said to be a “creosote” 
made from beech. It has not been very extensively tested in this 
country. 

Copperized Oil. — Handled by the Copper Oil Products (kjrn- 
pany of New York City. It is an oil containing copper. The 
kind of oil used and amount of copper it contains apparently can 
l)e varicnl for specific requirements. It is one of the new preser- 
vatives placed on th(^ market. 

Sodium Silicate. — Made l)y several companies in the United 
States. It does not readily penetrate wood, but has a marked ten- 
dency to decrease the inflammability of wood. 

Spirittine. — Manufactured by the Spirittine Chemical Com- 
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paiiy of Wilmington, N. C. This is a special “creosote’' made 
from coniferous wood, and has been used quite extensively in the 
United States with good results. 

B. M. Preservative.—Thc agent in this country is Franz 
Workman, 31 Liberty Street, New York City. It is a mixture of 
zinc chloride and normal aluminum sulphate, and has been tested 
experimentally on a large scale in this country but has not been 
commercially practised to any appreciable extent. It is forccid 
into wood in much the same manner as in Burnettizing. 

Water-Gas Tar Creosote.^— Made by a numlxu’ of companies 
in the United States but seldom sold under its own name. Often 
mixed with coal-tar creosote. Tests by the U. S. Forest Scrvi(!e 
show it to have considerable merit as a wood preservative, but not 
as efficient for general purposes as coal-tar creosote. 

Holz-Helfer. — Handled by the Vaughn Paint ('o. of Cleveland, 
Ohio, and made in Oermany. The wood is either painted with or 
dipped in the solution. It is a greenish-brown liquid containing 
zinc chloride, copper, and creosote with a specific gravity at (>0° C. 
t)f 1.113. From tests made at the U. S. Forest Products Lab- 
oratory it appears to l)e much le.ss toxic than ('reosot(\ 

Wood Creosote. — Made l)y several companies in the Unit(‘d 
States but not used exUaisivi^ly. Tests l)y U. S. Forest Service 
show it to have considerable merit as a wood j)reserval ive and its 
use for this purpose will quite likely grow, especially for super- 
ficial treatments. At j)resent it varies greatly in composition and 
toxic properties and costs more than coal-tar creosote. 

Sodium Fluoride. — Made by large manufacturing chemists 
in the United States. Little known in this country but (ixten- 
dvely tested abroad. Experiments by the U. S. Forc^st Products 
bal)oratory indicate the possibility of using this salt to decided 
advantage. Further tests are necessary before is full value is 
known. It is impregnated into Avood as in the Burnettizing 
process. 

Aczol. — Manufactured by J. Gcrlache, Boulevard du Nord, 
58 Brussels, Belgium. This is a cuprous-ammonium salt, which 
is not used to any extent as yet in the United States but is under- 
going experiments with the U. S. Forest Service. 

Sapwood Antiseptic. — Made and patented by J. W. Long, 
Chicago, 111. It is a mixture of copper sulphate, sodium chloride, 
calcium sulphate, zinc sulphate, and iron sulphate with water. Is 
now undergoing test by the U. S. Forest Products Laboratory and 
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elsewlicre. Is claimed to prevent sap stain as well as decay. 
Toxic tests show it to possess a very low resistance to fungi. 

N. S. Special.—Manufactured by the Geo. W. Saums 
Trenton, N. J. It is a yellowish, oily liqiud with a strong varnish 
or paint odor. Tests made at the U. S. Forest Products 
Laboratory show it to have a low resistance to fungi. 

Imperial Wood Preservative. — This is a com{)aratively light 
gravity, greenish-black oil, handled in St. Louis, Mo., containing 
a high percentage of residue at 315° C. It is under test by th{* 
F. S. Forest Service and elsewhere, and is giving results not v(m v 
unlike those obtained from coal-tar creosote. 

Kreodone. — This is a special wood-preserving oil made by 
the Rei)ublic Creosoting Company of Indianapolis, Ind.,and cls(!- 
where and used largely for preserving wood blocks. It is reported 
as giving good service. 

Locustine. — Manufactured by W. H. Huff, Beverly, N. J. 
It is reported as being a patented compound of nonvolatile i)e- 
troleum products and certain animal and marine oils and anti- 
septics, which can be applied to wood either by the brush, dip])ing, 
or impregnation proces.scs. 

Creoline. — This is a very light gravity, brown oil containing 
much tar acids and wat(T. In spite of this it is giving good results 
in some test polo lines set under the supervision of the U. S. 
Forest S(U’vicc and the Bell Telephone Company. 

LIST OF MANUFACTURERS OF ZINC CHLORIDE IN THE 
UNITED STATES 

CJoncnil Clicmicul Co. 112 W. Adurns St., Chicago, 111. 

Craselli Chemical Co. Clcvolaiul, Ohio. 

Sandoval Zinc Company. East St. Ix)ui.s, 111. 

LIST OF MANUFACTURERS OR DEALERS OF CREOSOTE IN 
THE UNITED STATES 

American Conduit Company, Ea.st Chicago, Ind. 

Armitage Manufacturing Company, llichmond, Va. 

American Wood Preserving Company, Chicago, 111. 

Barrett Manufacturing Company, New York, Chicago, and various 
office.*?. 

Barnay, J. R., Seattle, Wash. 

Betts, C. G., Spokane, Wash. 

Burton Coal and Lumber Company, Salt Lake City, Utah. 

Carolina Portland Cement Co., Atlanta, Ga. 
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Creosote Supply Cluiliuctlo, Ia. 

Chatri' l^l M:in\ilivci\innK CurUvftv^e, 0 \\uk 
rrinluoAs Coiuyniwy o{ N«‘\v York. 

Clint »>( W iV Irvine ('o., V\Usk\\rv,\c Va. 

Dominion Tar and (dicimeal (’onipauy, Sidney, Nova Seotia. 
Dimn Winj*; Vapor Co., Ciue'mnali, Oliio. 

Dt'uvor Gaa k KV'A'Xtu) Co., Denver, (Ndo. 

InlevnaVional ('roosotin^ ('onsVrweWun ('o., (kilveston, 'Pexas 
('. DeniDcke & Company, New York (’iiy. 

J. V. Lewis Manidac.iiirin^, ('o., Chieajiio, 111. 

National vVnalinc tk Chemical ('o., N(wv York City. 

Nashville Chemi(!al Co., Nashville, 'Penn. 

Vehlain Lay Chemical Co., Mount Vernon, N. Y. 

Vacilio (k-esoting Co., Seattle, Wash. 

Repuhlic Creosotin^ (to., Minneapolis, Minn. 

Semet-Solvay ('ompany, Kingsley, Ala. 

Southern Hoofing (Company, Atlanta. 

United Gas Improving Co., Philadelphia, Pa. 

Utah Light & Railway (to., Ogden, Utah. 

Warren Hrothers, Cambridge, Mass. 

Western Electric Company, Salt Lake City, Utah. 

Zopher Mills, 01 Williams St., Brooklyn, N. Y. 


LIST OF WOOD-PRESERVING PLANTS IN THE UNITED STATES 
EASTERN STATES 


IiOC!itU)H of plant 

.Mananinjf company 

Year 

built 

No. 
of re- 

Diam. 

retorts 

i.ength 

retorts 

. . 


torts 

(in.) 

j (feet) 

I-oriK Lsland City, N. V 

ttppi»K'’rty Hus.soll Co 

J.S78 

•1 

72 

100 

Itoiiie. N. Y 

Fcaleral Creo. Cn 

1010 

2 

84 

150 

Hound Brook, N. J.... 

Federal Creo. Co 

1000 

1 

84 

150 

Newark, N. .) 


1000 

1000 


78 

84 

105 

150 

I’ivtor.Hon, N. J 

Federal Creo. Co 

1 

Mauror, N. V 

Barl)er Asphalt J^av. Co 

1905 

4 

72 

115 

I’ort lloadinK, N. J. . . . 

P. & H. n. IL, C. It. R. of N. J... 

1012 

2 

88 

140 

(trccnwicli. Pa 

Penna. R. J{ 

1910 

2 

72 

132 

■Mt. Union, Pa 

Pennu. R. R 

1909 

1 

72 

132 

Hroadford Jc., Pa 

PittsbiirKh Wd. Pres. (k). . . . 

1911 

1 

84 

1 132 

Bradford, Pa 

Buff., Roch. & PkIi. R. H 

1910 

1 , 

75 

i 95 

Huoll, near Norfolk, Va 

U. H. Wood Pros. Co 

1907 

2 

78 

150 

Buell, near Norfolk, Va 

Norfolk Creosoting Co 

1890 

4 

78 

100 

Norfolk, Vu 

j 

Atlantic Creo. & Wood Preserving 
Co. 

1905 

1 

1 

1 

1 

78 

84 

78 

78 

105 

125 

02 

82 

Portsmouth, Va j 

WyckofT Pipe * Creo. Co 

1901 i 

1881 j 

1 ! 

i 

78 

74 

120 

102 

Croon Spring, W. Va... 

Balto. & Ohio R. R 

1912 1 

2 

84 

132 
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SouTifEHN States 





No. 

Diarn Length 

Location of plant 

Managing company 


of rc- 

retorts retorts 




torts 

(in.) (feet) 

( Jaincsville, Flu 

Atlantic Coast Line II. U 


2 

74 138 



IiH2 

1 


.lacksonvillo, Fin 

Epping<T & Bussell Co 

1 !)()<) 

3 

84 1.30 

Hull, Fla 

Charlotte Harbor and Nor. By. 

1912 

1 

74 73 

Macon, Ga 

Central of Ga. B. B. Co 

1012 

2 

84 110 



190S 

1 

72 70 

lOiiHlcy, Ala 

Pioneer Lum. Creo. Co 

1911 

1 

74 70 

McAdory, Ala 

Tenne.s.Hec (’oal, Iron and Bail- 

1909 

1 

72 05 


road (!’o. 







1 


Orleans, I,a. 


1901 

1 

108 172 

New Orleans, I-a 

New Orleans Wd. Pr. Co 

1S.S8 

1 

72 125 

Slidell, La 


1 K70 

1 

84 1 50 



1902 

2 

72 100 

Slireveport, La ' 

Shreveport CVeo. (’o 

1910 

2 

84 134 

VVinnficld, Tai 

Louisiana Creo. Co 

! 1900 

1 1 

72 120 

Ho^alusa, La 

Colonial Creo. Co 


1 1 

72 SO 



i 1912 

2 

72 134 

Grenada, Miss 

.\y(>r & Lord Tie Co 

i 1901 

•1 

74 128 

Gulfport, Miss 

Gulfport Creo. (.V) 

1900 i 

2 

84 120 

Gautier, Miss i 

W. Pascagoula Creo. Wks 

1870 j 

1 

72 119 



i9o;i 1 


72 115 

Louisville, Miss 

American Creo. Wks 

1912 

1 

108 172 

AfKcnta, Ark 1 

Ayer & Lord 1’ie Co ! 

1907 

4 

74 132 

Texarkana, Ark ' 

Int. Creo. & Con. Co 


1 

114 105 



1902 

1 

72 125 

Beaumont, Tex 

I lit. Creo. A Con. Co 

1892 





1897 

1 

108 140 

Denison, Tex 

Mo. Kan. & Tex. By. ('o. of Texas 

; 1009 I 

4 

72 108 

Ti-xarkana, Tex 

Nat. Lurn. & Creo. Co 

1 1910 i 

2 

84 132 

Houston, Tex 

Nat. Lum, & Creo. Co 

1912 j 

4 

72 120 

Houston, Tex 

Tex. & N. (>. R. B. Co 

1890 

,5 

72 112 

Somerville, Tex 

A., T. A S. F. B. R 

1900 1 

5 

’ 74 132 

Huko, Ok la 

' American Creo. Co ! 

1007 1 

2 

84 134 
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L()('ut,ion of pliirit | ManaKin>< company 

Toledo, Ohio Kt'deral Ooo. Co 

Toledo, Ohio ! Jennison-Wright (’«» 

Orrville, Ohio I Ohio Wood Pres. Co 

Ciiieiniiati, Ohio (’oinp. Wd. Pres. Co 

Indianapolis, Ind j Hopid)li(! Creo, (^o 

Shirley, Ind > American Cn'o. Co 

Terro Haute, Ind | Indiana Zine-Creo. Co 

'IVrro IJante, Ind Chicago CVeosoting Co 

BIoomingt(jn, Ind Indiana Creosoting Co 

Columbus, Ind Imlianapoli.s, Columbi.a tV South 

cm 'I'rac, ( ’o. 

Mvansville, Ind Indiana 'I'ie Co 

Waukegan, 111 Chicago Oeo.soting Co 

Carbondiile, 111 Ayer * bord Tie Co 

Marion, 111 | American Creo. Co 

Siji-ingfiehl, III i American Creo. (’o 

Madison, 111 ' Kettle River Co 

Calesburg, 111 I C., H. A Q. 11. R 

.Mt. Vernon, 111 ‘ T. J. Moss Tic Co 

! 

M(‘tropolis, HI., . i .loycc-W'atkins Co 

.Joppa, III i Indiana Tic Co 

Hay City, Mich [ .Michigan Pipe Co 

Ivseanaba, Mich | Chi. Si N. W. I{y. Co 

Minneapolis, Minn.. . .1 Hepublic Creosoting (M 

Sandstone, Minn j Kef tie River Co 

Brainerd, Minn ! Nor. Pac. Ry 

Springfield, Mo j American Creo. ('o 

Kansas C’ity, Mo American Creo. Co 

Topek.a, Kansas I Union Ihicific R. B 
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Rocky Mountain and Pacific States 


I i 

Year 

No. 

Hiam, 

Letigtii 

Local'um of plant ManaKinK company 


of r(!- 

retorts 

retoris 

1 


1 orts 

(in.) 

(feel) 

Somers, Mont flrcat Nortlurii lly. ('«) 

lUOl 

4 

72 

1 10 

Paradise. Mont Nor. Pac. I{y. Co 

ltK)7 

2 

84 

131 

liutti', Mont .Anaconda (\>p. Min. Co 

P.MO 

1 

72 

1,3 

Sheridan, AVyo C., Ji. * (J. IP It. (\) ! 

IStll) 

2 

74 

132 

Lar.amic, Wyo ruion Pacific It. It. Co 

HlO.t 

2 

73 

117 

KcIIokk, Idaho Hanker Hill and Sullivan Mining 





: Co 

P.IOS 

1 

84 

10 

Tacoma, Wash St. P. & Tacoma T, urn. Co i 

1012 

1 

84 

130 

Yardlcy, Wash Western Wd. Pros. Co 

It) 12 

1 

84 

do 



1 

84 

1 17 

Lowell, Wash Puget Sd. Wd. Pre.s. Co 


1 

72 

83 

: ! 

181)0 

1 

72 


Seattle, Wa.sh J. M. (.’olman Co 

11)12 





1884 

3 

1 73 

120 

Eagle Harbor, Wash.. . Pacific Crco.soting ('o 

lOOti 

1 s 

73 

1 125 

Wyeth, Ore Oregon-Wa.shington It. It. and 

11)04 

i 

72 

1 HI 

Nav. Co. 


1 


1 

St. IIelen.s, Ore St. Helens Creo. Co 

1012 

i “ 

84 

1 1.30 

Latham, Ore Soutliern Pac. It. It 

181)8 

2 

72 

1 112 

Hulrington (near Port- 



1 


land) Ore Colund)ia Creo. Co 

11)12 

i 1 

1 72 

i d5 

Alamogordo, N. Mex. Kl. Paso A S. W. It. It. Co 

1902 

' - 

i 72 

1 lOd 

Albuquenjue, N, Alex.. A. 'P. & S. F. Ity. Co 

1 1)08 

2 

1 74 

1 132 

Oakland, Cal So Piieifie Hy 


i 1 


1 los 


IS8!) 

j 1 

i 72 

138 

Los Angeles, Cal So. Pacific Ity 

1907 

1 2 

: 72 

1 112 

San Pedro. Cal S. P. L. A. A S. L. It. It 

1908 

: 2 

! 72 

i 117 


Open-tank Plants 


f.ocation of plant 

Managing company 

Year 

l)uilt 

Lovvelh Mas.s,,..; 

Port.srtionth, N. H 

Ninticoko, Pa 

New Philatlelf)hia, Pa 

Otis Allen A Son 

Oti.s ,AII<-n A Son 

D<4. T.aek. A W<;st. Il.lt. Coal Mining 
Dept. 

Phila. and Ite.ading Coal and Iron Co. . . 

1848 

1875 

lt)U7 

1908 

1910 

1908 

1908 

1908 

1908 

1909 

1908 

1910 
1895 

1909 

1910 
1910 
1899 
1906 


IT. S. Wood Pre.s. Plant 


II. S. Wotal Pres. Plant 

Stillwater, Minn 

II. S. Wood Pres. Plant 

Fountain City, Wis 

' H. S, Wood Pr<‘M. I*lant 

Cl(;veland, Oliio 

' Citv^ (}[ t'lev(*l.and 

Lead, S. Dak 

i Hornestake Alining Co 

Portland, Ore 

Lowell, Wash 

Butte, .Mont 

Carb<»lineum W. P. Co 

Puget Soun<l W. P. Co 

; Arineoiida C<ip. Min Cn ^ 

Fresno. Cal 

San Miguel, Cal 

; San Joaquin Light and Power Co 

San Joaquin I.ight anfl Pnwi'r f'n 

Oakland. Cal . 

So. Pac. Ry. Co. 

Newark, N. J ' 

' Public Service Corporation 
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list of “FIREPROOFING” PLANTS IN THE UNITED STATES 

Now York, N. Y Standard W()()(lTn‘:ii;iii 5 r (Company 

Now York, N. Y klocdrio lircproofiiifi; C'ompaiiy. 

THE AMOUNT OF WOOD PRESERVATIVES USED IN THE 
UNITED STATES 

Creosote and zinc cliloride are by far the preservatives (!on- 
siinicd in largest ejuantitio^s in the United States for presca'ving 
timber. About 3,000,000 gallons of other pres(‘rvativ(\s such as 
crude oil, carbolineum, and other varieties of i)reservativ(‘s de- 
rived from coal-tar were used in 1912. In addition, copper sul- 
phate, mercuric chloride, and aluminum sulphate were also used, 
the exact amounts being unknown. The consumption of creo- 
sote and zinc chloride for preserving wood is shown in Table 38. 


Table 38. — She Apphoximate Amount of Cueosotk and zinc Chlohide 
Consumed in the United States' 


Years 

Domestic 

Creosote (gallons) 

Foreign 

j 

Total 

Zinc chlerido 
{|)ounds); 
all doiiiesf io 

19,000,000 

1908 

17,300,000 

1 38,040,000 

50,000,000 1 

1909 

13,802,000 

37,509,000 

51,431,000 

16,215,000 

1910 

18,184,000 

45,082,00() 

03,200,000 

10,803,000 

1911 

21,511,000 

1 51,517,000 

1 ! 

' 73,027,000 

10,360,000 

1912 

31,130,000 

i 52,531,000 

83,000,000 

20,752,000 


(Over 100,000,000 gallons of cre-sote reported used in 1913) 


AMOUNT OF TIMBER TREATED IN THE UNITED STATES 

The amount of timber treated annually in the United States is 
shown in Table 39. 

In addition to the amount shown in Table 39, a considerable 
amount of wood was treated with other preservatives such as 
carbolineum, crude oil, and various coal-tar products sold under 
a variety of trade names, but the exact amount of which is 
unknown. 

^ American Wood Preservers’ Association Proceedings, 1913. 




ABLi: 30, — Thk Amount of Timber Treated ix the Uxited States' 
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the number of lineal feet of poles, divide the figures shown b; 
the number of square yards of paving blocks, divide the figui 
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About 4,000,000 feet of lumlwr arc also given a “fireproof” 
treatment each year. 

LIST OF COMPANIES IN THE UNITED STATES EQUIPPED 
TO BUILD WOOD-PRESERVING PLANTS 


Allis-Chaltnors Co Milw.aukcc, Win. 

Jiasslior T. C. (k) Baltimore, Md. 

Bovaird & Scyfaud Mff^. Co Ikadford, Pa, 

(kascy Hodgos Cliattariooga, Tonn. 

Chicago Bridge & Iron Co (diicago, 111. 

Coour d’Alene Iron Works \Vallac<‘, Idalio. 

Cole, R, 1) Ncavan, (la. 

Erie Heating (k) Chicago, 111. 

Pairl)anks Morse (Jo St. Paul, Minn. 

Cravc.s (Wtn.)Tank Works Hast Chicago, Ind. 

(Iravier Tank Works Calve.ston, lex. 

Jacobs (S.) & Sons Birniingham, Ala. 

Lockett (A.M.) A Co New Orleans, La. ’ 

Logan Iron Works Brooklyn, N. Y. 

Manitowoc; PngituH'ring Works Manitowoc, Wis. 

Mine-Sinelter Supply (Jo Denver, Colo. 

Mohr (John) A Sons (liicago. 111. 

Moran Bros Seattle, Wasli. 

Morris Sherman Mfg. (Jo Chattatiooga, IVnti. 

National Boiler A Shcad, Iron Works Indianapolis, Ind. 

Payne A Jonhert Nc'W Orleans, La. 

Petroleum Iron Works Sharon, Pa. 

I’ower A Mining xMachinery Co Milwaidcec', Wis, 

Reeves Bros. Co Alliance, Ohio. 

Strutlier- Wells (Jo Warren, Pa. 

Union Iron W’orks Sail krancisca), (Jal. 

Vogt (Henry) Louisville, Ky. 

Williainette Iron A Steel Works Portlaml, Ore. 


Specifications for the Analysis of Creosote. ~A miinlior of speci- 
fications for analyzing creosote oil have been i)ropose(l and are in 
force. Perhaps the be.st known and the one in most extended use 
is that adopttal by tlie American Railway PJngiiieering Associa- 
tion, which reads as follows: 

Specifications fok Analysis of Cueosote Oil Approved 
BY THE American Railway PJngineering Association 

1. The sample taken for jinalysis shall bo strictly jiverage of the 
whole bulk of oil to be tested. The oil shall be completely 
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liqiiofiod jind well mixed before samples are taken. Whenever 
possil)le a drip sample of not less than 2 gallons shall be taken 
eommeiicing aftca- the oil has started to run freely. AVhen this 
cannot be done, as for insta.nee, in largo storage tanks, samples 
shall be taken from various de[)ths in tlie tank by means of 
a tube or bottle, the number of samples df'pending on local 
conditions. 

J^’or taking samples during the process of tr(;atment a 
sample of the oil shall be tak(m from the storage tank about 1 
foot from the bottom of the tank before the cylinder is filled, and, 
where possii)le, a sample directly from the cylinder during th(^ 
process of treatment. For this purpose a tlunanometer W(!ll 
may ])e used. 

The sample to be analyzed shall be thoroughly licpuTied by 
heating until no crystals adluu’e to a glass stirring rod, and also 
W(!ll. shaken, after which one-half shall l)e taken for analysis and 
the balancM^ reserved as check test. 

2. The ai)j)aratus for distilling the creosote shall consist of a 
stoppered glass retort similar to that shown in diagram having 
a cai)acity as nearly as can bo obtaimul of 8 ouiK’os up to the 
bend of the neck when the bottom of the retort and the mouth 
of the off-take are in the same plane. A nitrogen filled mercury 
thermometer of good standard make, divided into full degrees 
Centigrade, shall be us(‘d in connection therewith. In order to 
insure uniform results for (jomparativc purposes, the length of 
the thermometer l)ulb shall be one-half (1/2) inch; but in no case 
shidl a thermometer with a long biilb be used. The bulb of the 
r(dort and at least two (2) in. of the neck shall be and rtunain 
cover(Ml with a shi(d<l of heavy asbestos paper, sha|)ed as shown 
in diagram, during the entire process of distillation, so as to 
prevent lieat radiation, and Ixdween the bottom of the retort aiul 
the flame of the lamj) or burner two sheets of wire gauze, each 
20-mesh fim?, and at h^ast 6 inches .square, shall 1)0 placed. 

The flame shall be protc(‘ted against air currents. An ordi- 
nary tin can, from which a portion of the bottom and all of the top 
have been nunovcal, placed on a support attached to the burner, as 
shown in diagram, will answer the purpose. 

3. Before beginning the distillation the retort shall be care- 
fully weighed and exactly 100 gra;n3 of oil placed therein, 
the same being weighed in the retort. The thermometer 
shall be inserted in the retort with the lower end of the bulb 
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1/2 inch from the surface of the oil and the condensing tube 
iittached to the retort by a (iglit cork joint. The distance be- 
twe('n tlie bulb of tlie tliernionn'tca- and the end of the condensing 
tube shall not be less than 20 nor Inore than 24 indies, and 
(luring the progress of the distillation the thermometer ’shall 
remain in the position oi'iginally placed. 

The distillate shall be collected in weighed bottles and all 
fractions determined by weight. Jieports shall be Inade on the 
following fractions: 

0 to 170" (’. 2:5.^) (o 270 ' (’. 

170 to 200" C. 270 to ;iir)" C. 

200 to 210" (t. .‘ll;") to .3.55" C. 

210 to 235" ( ’. , above 355" ('. 

Ib'ports shall be made on individual fractions. In making 
such repoits it is to be distinctly uiuhvstood that these frac- 
tions do not necessarily reba- to individual com[)ounds. In other 
words, the fi'action betwcHui 210 and 235° will not neces- 
sarily be all naphthaleiH', but will probably contain a number of 
other compounds. 

The distillation shall be a eontinuous oiu', and should recjuice 
about 45 minutes. 

Wh(m any measural)le (piantity of water is present in the oil 
the distillation shall lx* sto])j)ed, the oil se])arat(Mi fi“om the water 
and ladurned to tlu' o'tort, when the distillation shall be ro 
commericed and the previous readings discarded. In obtaining 
water-tree oil, it is desitable to free about 300 to GOO c.c. of the oil 
by using a largo retort and using 100 grams of the water-free oil 
for the final distillation. In the final report as to fiactions, 
a coireetion shall l)e iiiade of the amount of water rcanaining, so 
that the re})oit may be mad(* on the basis of dry oil. 

4. In order to (hdermine the s|)eeifie gravity of any oil, simply 
heat the oil in a water bath until it is completely licpiid. A 
glass stirring rod dip])ed into the li(juid should slew no solid 
I)article on the rod when Ihe same is witlidrawn from the oil. 
When completely^ licpiiil, it should be stirred thoroughly and the 
hydrometer cylinder filled, which has previously^ bc'cn warmed. 
Insert a specific gravity hydreineter of good make, taking care 
that tlie liydroinetcr does not touch the sides or bottom of the 
cylinder when the reading is taken. 4'his reading should prefer- 
ably be taken when the oil is at 38° C. (100° F.), because 
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at this temperature almost all oils are completely fluid. 
Where contract requirements specify a specific gravity at a dif- 
ferent temperature, such gravity is obtained by multiplying 
0.0008 by the numbei of degrees Centigrade, or 0.00044 by the 
number of degrees Fahrenheit, the oil is found to l)e above the 
temperature required by the contract, and adding the product to 
the observed gravity. 

If it is desired to make further chemical analysis for the 
deteilnination of the low-boiling tar acids and the naphthalene, 
the following method is recommended, tentatively: 

“For the determination of low-boiling tar acids, the fractions 
should be placed in a separating funnel, to whicli should be added 
about 30 c.c. of the 15 percent hot sodium hydroxide solution, 
vigorously shaken, and allowed to stand until the dissolved 
pluaiols separate out and may be diawn off, after which repeat 
with successive sodium hydroxide solutions 20 c.c. each time until 
no phenols arc left (the sodium .solution comes off clear). The 
phenols so ol)tained should be separat(‘d by the addition of a 25 
percent sulphuric acid, .slowly stirred in. When this reaction is 
complet(‘, the phenols .so ol)tained should 1)0 (hM^aiib'd and 
weighed.’' 

Tlie Committee on Wood Preservation of the National Flecd ric 
Light Association was not entirely .satisfied with the al)ov(> si)(‘ci- 
fications for analy.sis and drew up a .set of its own.^ In the opin- 
ion of this committee the above specification does not fully meet 
present requirements becau.se “it is genm-ally admitted by (;hem- 
ists that the retort is an antiquated piece of apparatus,” and fur- 
thermore the te.st is not sufficiently .stringemt to detect adultera- 
tions. The .specification for analy.sis which this committe(‘ rec- 
ommended reads as follows: 

ANALYSIS SPECIFICATIONS (NATIONAL ELECTRIC LIGHT 
ASSOCIATION) 

General 

“The apparatus employed in making the distillation and other 
tests required under these specifications shall conform in general 
to that shown on drawings Fig 26 (Fig. No. a) and Fig. 27 at- 
tached to and forming a part of these specifications, except that 
a five percent (5%) variation from the dimensions given is 

* Report of Comniittee on Preservative Treatment of Poles and Cross 
Arms, National Electric Light As.sociation, 1911. 
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allowed. The distilling apparatus must be assembled as in draw- 
ing Fig 28. As further defining the nupiirements in this re- 
spect, the following description of certain parts and manner of 
assembling is given: 

(a) Flat^k . — The flask required is a Lunge side nc'ck distilling 
flask, provided with a trap (Fig. 20), and having a tubular 
side neck tliiidy centimeters (30 cm.) long placed close to the 
bulb. The flask must have a capacity of three hundred cubic 



centimeters (.300 c.c.) when filled to a lieight equal to its maximum 
horizontal diameter. 

(6) Tkejmomcter-~Thii thermometer must be made of Jena 
glass and bo nitrogen filled and graduated at intervals of one 
millimeter (1 mm.) in single degrees Centigrade, the scale reading 
to plus four hundred degrees Centigrade (+ 400° C.). 

(c) Receivers. — 33ie glass receivers may be of any convenient 
size and shape; the flask shown on drawing No. 114 is, however, 
recommended. 
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(<l) Shield.— A sliiold ic'ii centimeters (10 cm.) in (lianietc r 
and eio-ht cetdimeters (8 cm.) hi^h, made of asbestos, nnisl 
l)e provided (J'’i^‘. 27). 

(c) Siippnrf for I'lask . — -dlie flask must rest on an as])('sl()s 
board one-half centimeter (0.5 cm.) in thickness by fifteen C(‘nti- 
meters (15 cm.) in diameter, a hole five centimetc'rs (5 cm.) in 
diameter l)einf; cut in tlie center of the board. The board shall 
rest on a ring stand (Fig. 27). 

ASSEMBLING APPARATUS 

The apparatus must be asscmdjled as shown in figiiia' IV o. 
2S. The thermometer i)a.sses through a cork in the top of the 
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flask and is so placed that the top of the bulb of the thermometer 
is on a line with tin; bottom of the tubular outlet. Tiie asbestos 
shield is placed around the bulb of the flask and the flask inounted 
on the asbestos board support(‘d on the ring stand as shown on 
drawing Fig. 28. 

Distillation Test 

Two hundred grams of the oil shall be used in the analysis, 
this amount being weighed on a balance sensitive to one milligram 
(1 mg.), in the following manner: 
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Tlio flask is first placod on the pan of the balance and woiglicd, 
;ind tlie weight reccrd(ul. Wilhout leinoving the flask, a two 
liiiiidred (200) gram weight is placed on the opposite pan of the 
halanee and a suflicient (piantity of the oil dro))ped into the 
flask through a long stem funnel to bring the pans into equi- 
lilu’ium. The flask is tlnm removed from tlie balance and set up 
as in drawing Fig. 28. (hire must be taken tliat the cork 
stopper cairying the thermomebn- fits tightly into place. The 
flask sliould be heated, prehu-ably by a Bunsen or other standard 
form of gas burner. The distillation shall be continuous and 
at such a rate tlnit two (2) drops of oil per second (h c.c. per 
minute) leaves the end of the trdrular after the tl\erinonu'i(T 
iH'gisters two hundred and five; degrees ('entigrade (205° (h), 
or after all of the water has been di’iven off. The percentage 
weights of the following fractions shall be recorded: 

d\) 205 ° (\ 

To 285° C. 

To 245° C. 

To 270° ('. 

To315°(:h 
To 860° (h 

DETERMINATION OF FREE CARBON 

'riie apparatus ivquired is as follows: 

Knorr (.'ondenser. 

Knorr Flask. 

C'. S. & S. No. 575 Filter Papers, 15 cm. diameter. 

Wire for suirporting filter pajrers. 

Ten grams of the oil should be weighed into a small beaker 
and digest(‘d with (h P. loluol on a steam bath. A cylindrical 
filter cup is prepari'd by folding ( wo of the papers around a rod 
about fivi'-eights of an inch (5/8") in diameter. The inner 
paper should be cut to fourteen centimeters (14 cm.) iliameter. 
Prior to using the filter papers, they should have been extracted 
with benzol to render them fat free. The filter cup is dried at 
one hundred (100) to one hundred and ten (110) degrees 
Centigrade and weighed in a weighing bottle. 

The contents of the beaker arc now decanted through the 
filter cup, and the bcake * washed with hot tohml, passing all 
washings through the cup. ^’hc filtrate should be passed through 
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the filtor a soroiul time, the residue waslied two or three tiiiu's 
with liot C. P. l)enzol ami transferred to tlic extiaetion ap- 
paratus, in whielj C. 1^. benzol is ns('d as the solvent, which 
solvent is vaporized by means of a steam or water bath. Th(‘ 
extraction is continued until the filtrate is colorless. The filter 
cup is then nMitoved, dried and weij»;hed in the wei{z;hing bottle, 
C. P. l)enzol follow('d by chlorofoiin may be used instead of 
C\ P. toluol follow(Hl by Ch P. Ixuizol. 

Precautions. — In nunovinj;- lilter pa})('i- from the exti'acdion 
apparatus see that no j)articl(‘s of m(‘rcury find their way into the 
pr('cipitate. d’o pi‘ev('nt splashing, the tiltc'r paper should be 
elevated as m'ar to the outh't of the condenser as possible. A 
good precaution is to cover the top of the filter (“iip with a round 
cap of filt('r j)ap(‘r. 

Siilphonation Test 

Ten cul)ic centimeters (10 c.c.) of the total distillate to thn'e 
humhed and liftemi d(‘gre(\s C'entigrade (315° (\) are placf'd 
in a flask and waiined with four (-1) to fiv(' (5) volumes of con- 
centrated sulphuric acid to sixty dc'grcH's ( 'entigrade (60° C.) and 
th(‘ whole transf(M‘red to a graduat(Ml s(‘para1ory funnel. 'Idie 
flask is rinsc'd thrc'c times with small cjuantitic's of concc'ntrated 
suli)huric acid and the rinsings addcsl to the contents of the 
funnel, which is then stoj)pered and shakfui, cautiously at fiist, 
afterward vigorously, for at least fift('(‘n (15) minutes and al- 
lowed to stand ov(‘r night. d'li{‘ acid is tlnui (‘aicfully diawn 
down into the graduated portion of th(' funnel to within two 
cubic centimeters (2 c.c.) of wlnue tli(^ unsulphonated residue 
shows. If no unsulphonatc'd r(‘sidu(‘ is visibh' the acid should 
be drawn down to two cubic c('ntim(‘t(U-s (2 c.c.). In eith(U‘ case 
the test should b(^ (*arri(*d furth<‘r as follows: Add abouttweniy 
cubic centimeters (20 c.c.) of wat(‘r and allow to stand for 1/2 
liour. Then draw off the wa-t(;r as clos(‘ as possibhi without 
drawing off any su|)ernatant oil (n- emulsion, and ten cubic 
centimeters (It) c.c.) of strong sulj)huric acid and allow to stand 
for from fiftc'en to twenty (15 to 20) minutes. Any unsulphonated 
residue will now s(‘parate out ck'ar and give a distinct reading. 
If under two-tenths of a cubic centimeter (0.2 c.c.) it should be 
drawn down into tln^ narrow part of the funmd to just above 
the stop-cock, where it can be estimatcMl to one one-hundre<lth 
of a cubic centimeter (0.01 c.c.) ^rin; volume of residue thus 
obtained is calculated to the original oil.” 
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DETERMINATION OF TAR ACIDS 

Olio liuiidrcd ouliic coMliinotx'.rs (lOO o.c-.) of tho dist illato 

io tliroo Imiidrod and fiftoon do^riM^s CMT)'' C.), io wliicli forty 
cuhio oontiinol('rs (lOo.o.) of a solution of sodium hydioxididiavdn^ 
a, spooifio gravity of onoand fiftoon liundiH'dtlis (1.15) is addl'd, is 
wannod sli<^litly and jilacc'd in a soparatory fiimu'l. Tho mixtiiro 
is vigorously shaki'ii, allowi'd io stand until tho oil and soda, solu- 
tions soparato and tho soda solution (•ontaiiiiii}»; most of tho tar 
acids drawn olT. A second and third ('xtraction is then made 
inthosamo manner, usinfi; thirty (MO) and twi'iity (‘20) cubic c('nti- 
iiioti'.rs of tho soda solution, n'spc'ctivcly, Tho thri'i' alkaline 
('xtraots are united in a, two hundred ciiliic I'eiitimeter (200 c.c.) 
^raduati'd cylimh'r and aciditii'd with diluti' sulphuric acid. The 
mixture' is then allowi'd to cool and tin' volume of tar muds noti'd. 
Mdu' results shown should Ik* calculati'd to I he orif^inal oil, 

COKE TEST 

In making tin* (‘oko (h'ti'riniiiation, hal’d j;lass hullis ai(' to he 
used, d’he test is to Ik* carried out as follows: 

Warm the hull) slightly to drive off all moisture, cool in a 
desiccator and wei^h. Ajiain heat tin* Inilh hy placirifi; it momoii- 
tarily in an open liunsi'ii ilaiiu' and place tin' tuhular sidi* neck 
underneath tho surfai'o of tlu* oil to he h'-^ted and allow tin* hulh 
to cool until suflicii'iit oil is suckl'd in to till tin* hulh about two- 
thirds full. Any < 2 ;lohules of oil st ickinji’ to the insiih* of the t ubu- 
lar should hi' drawn inlothe hull) by shakin^’oi ('xjK'lh'd liy slight- 
ly hoatinjj^ it, and tho outer surface should lie eari'fully wi])od off 
and the hulh re- weighed. This proeedure will ^ivo about one ^I’am 
of oil. ( hit a strij) of thin ashe>tos paper about oni'-quarter inch 
wideamiahout 1 inch lonji’, place it around tlu* nei'k of the hulh and 
cateh the two frei* (‘nils closi' uj) to tlu* neck with a pair of crucible 
tongs. The oil should then hi* distilled off as in making an ordi- 
nary oil distillation, starling with a very low llanie and eonducting 
the distillation as fast as can he maintained without siiurting. 
When oil ceases to come over, the lu'at should lie increased 
until the highest temperatun' of tin* llunsi'n llame is attained, the 
whole hull) being heated red hot until evolution of gas ceases 
and any carbon sticking to the outside of the tuhular is completely 
burned off. Tlu' hulh should tlu*n he cook'd in a desici'atoi and 
weighed and the percentage of coke residue calculated to watci- 
free oil. 
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Stiir’ more refined specifications for analyzing creosote oil, 
especially as regards the method of distillation and sulphonation 
residues, are those in use by the U. S. Forest Service. I n thr 
author’s opinion these tests arc much more exact than either of 
the two just given. They are, however, mon^ troublesome and 
hence expensive to make, but where accuracy is desired, their usi- 
is recommended. 

Specifications for Analyzing Creosote Used by tuk 
U. S. Forest Service 

{Note, — All tempe»*atures referred to in the following are on 
the centigrade scale.) 

SPECIFIC GRAVITY OF THE WHOLE OIL 

'‘The perfectly liquefied oil is])our(‘(l into a hydrometer cyliiidei’, 
and, at a temjx'rature of (>0°, the specific gravity is read with 
hydrometer standardized against water at (>0°. 

ddie somewhat pievalent method of determining spc'cific 
gravity with a hydrometer standardized at 1.5° and tlnni calculat- 
ing the results from the temperature of the determination back 
to 1.5° is roundabout and involves the expression of tlu^ specifi(t 
gi-avity of creosote in the liquid condition at a ttunpcratuie at 
which the oil does not exist as a liquid. The method is illogical 
and open to inaccuracic's. With very rare (exceptions creosotes 
are all liquid at 00°, and if the weight of a unit volume of the oil 
at 60° is compai-ed with the weight of a unit volume of water at 60°, 
a true specific gravity is obtained. . . . 

FRACTIONAL DISTILLATION 

The H(‘mp(d distilling flask of iTsistance glass is emidoycMl. 
d’he ('lupty flask is fared, 2.50 grams (jf iruilted, well-shaken oil 
inti’oduced, the platinum- wire plug and the glass bemads put in 
place, and a second weight taken. The thermometer is then 
inserted in the flask, so that the fii’st emergent I'e.'uling is 200°. 
The flask is supportcal on an asbestos board with a slightly ir- 
regular opening of very nearly the largest diaimder of the flask. 
A condensing tube is employed and the fractions arc collected in 

^ Circular 206, United States Forest Service, 
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iaied flasks. Tho distillation is run at tho rate of 1 drop per 
second, and Iraetions eollecded between the following tempera- 
hues: Up to 17(U, 17(U 205°, 205° 225°, 225°- 235°, 235°-245°, 
215°-255°, 255° 285°, 285° 205°, 295°-^305°, 305° 320°, and if 
(■(Visible, 320° 300°. 

The eliai’acters of the fractions and their weights are I’eeorded 
and the results plotted as a curve, in which the oidinates are })er- 
(‘ent;iges by weight and tln^ abscissa; temperatures. . . . 
When tlie distillation has la'acluMl the 225° point, an asbestos- 
hoard box should be ])laced around the distilling flask, to cover 
the bulb, but leave the ll{'mp(4 column ('xposed. Diafts upon 
the distilling api)aratus must lx; avoided. 

INDEX OF REFRACTION 

The indices of refraction of th(‘ difl’erent. fi actions between 235° 
and 305° are deten'inined at 00° in a refractometer with light 
compensation, dlie n'sults are jflotte'd with li'inpiTatuies as 
abscissa; and indie(\s of refraction as oi'dinates. 

“index of Refraction.- -'riic iixt'x (f nfnutlinti is the ratio hctweeai the; 
sines (f tlie; an^hes of incidence a;xl of refraction of lif^ht, expressed by the 

formula/!, = where / means the index of refraction referred to 

D sine J\ D 

sodium lij!;ht, I ('quids the anffle of incid('nce, and A' tlie angle of refraction. 
The index of refraction varies with tlic temperature, Ixit is constant for 
any given oil at a stated t(‘mperatur('. In making measurements of the 
index of refraction of the' dilTerent fractions of a. creosote distillation, it. was 
necessary to make the measurements at- ()()°. The determinations were 
made with an Aldie n'fractometer providc'd with a light c.om])ensator. By 
means of this instrument tlx' index of refraction may be read with great 
accuracy, and the measurement is one of tlie most exact whidi can be 
applied to such an oil. 

“Sulphonation Test. — In contradistinction to tlic hydrocarbons of the 
paratlin series, those of the aromatic s('ries react with (Hinccntraled sulphuric 
acid with marki'd case. The products of this reaction, in which a suliiho 
group or groups replac’e hydrogen in the aromatic compound, are called 
sulphonic acids and the proci'ss is known as sulphonation. I'or cxam|)le, 
the reaction with benzene would be ('tiHd -b - Cellt-SOidl d* lUO. 

ddie sulphonic acids are characterized liy their solubility in water. If a 
fraction from the distillation of a creosote oil be treated under proper con- 
ditions with conc('ntrat('d sulphuric acid, it will be converted into a mixture 
of sulphonic acids, which will readily di.ssolve in wat('r. If, however, there 
are paraflin bodies present they will not lie atta(;kcd to the same degree as 

1 The following exiilanation of the index of refraction and of the sulphona- 
tion test is taken from U. 8. Forest Service Circular 112: 
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the aromatic hydrocarbons, and when the ])roducts of the suljjhonatiou arc 
treated with water tlic paraflin components will remain as a residual oil. 
In applying this test to creosote oils it has been found that the most 
information is obtained by using it on the higher boiling fractions.” 

Specific Crarity, — '’i’he spcudfic gravities of the fractions 
between 235® and 305° are determined by means of specific- 
gravity l)ottles. These bottles arc filled at 00° and the weights 
referred to water at the same temperature. The results an* 
plottt'd as a curve in which the ordinates arc specific gravities 
at 60° and the abscisste temperatures. 

Sulphondfion TestsA — Tcni (!ubi(! centimeters of the fraction of 
creosote to be tested are measured into a Babcock milk bottle. 
To this is added 10 c.c. of 37 times noiinal acid, 10 c.c. at a 
time. The bottle with its cemtents is shaken for 2 minutes after 
each addition of 10 c.c. of acid. Aft(‘r all the acid has been 
added the bottle is kept at a constant t('mp(‘rature of from 98° 
to 100° C. for 1 hour, during whicli time it is shaken vigorously 
every 10 minutes. At the end of an hour the bottle is re- 
mov('d, cooled, and filh'd to the top of the graduation with ordi- 
nary suli)huric acid, and then w^hirled for 5 minutes in a Ihdx'ook 
separator. The unsulphonated residin' is then read off from the 
graduations. 3’he K'ading multii)lied l>y 2 gives jx'rcent by vol- 
ume directly. (Kach graduation eipials oni' two-hundredth of ;i 
culiic centimeti'r.) 

In W'ell-ecjuipp(‘d chemical laboi-atorii's the usual steam-jacket 
ovens, capable of maintaining a temperature of from 98° to 100° 
C., will keep the reaction mi.xture of the sulphuric aciil and creo- 
sote at the projier temperat ure. ft fn'quently happens, however^ 
that creosotes are. analyzed in a laboratoiy efjuijiixMl only for that 
purpo.se, and for sucli ca.ses a special steam bath or oven can b(' 
made by any tin.smith at small co.st. It is ('ssential that the 
chamber be of suffi(‘ient size to comj)letely contain (under the 
cover) tlie Babcock botthq ot herwi.se the I'.xaiit dimensions of the 
steam bath are unimportant, and any two vi^ssels of suitable di- 
mensions, which are at hand or can most readily lie obtained, may 
be utilized in its construction. 

Tar Acids , — Fifty cubic centimeters of t he creosote under analy- 
sis arc measured at 60° into a small distilling flask by a pipette. 
The oil is distilled as completely as possible without breaking the 
distilling bulb, and the distillate is caught in a short-stemmed 

^ U. S. Forest Service Circular 191. 
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100 c.c. separating funnel. At the end of the distillation 25 
(■.(!. of boiling hot 15 percent sodium hydroxide arc added to 
llie distillate and the mixture thoroughly shaken. The alkaline 
(‘xtract is then drawn off into a 100 c.c. cylinder and 25 c.c. 
more of hot sodium hydroxide added. After extracting with 
this second portion for 5 minutes, with frequent shaking, the 
solutions are allowed to sepai'ate and the alkaline extract added 
to the first portion in the cylinder. A third extraction is made 
with 15 c.c. of alkali. The total alkaline extract is cooled, 
acidified with sulphuric acid, thoroughly shaken, brought to 00°, 
and the volume of supernatant oil read off. 

llVt/cr.- After weighing the fir.st two fractions of a fractional 
distillation they are united in a small separatory funnel and any 
wat(‘r whi(*h is present is separated fi-oln the oil and its amount 
ac(*urat(‘ly deteianined. If particular accuracy is required in 
the estimation of th(i wat(‘r it maybe done by the Marcusson xylol 
distillation method.^" 

METHOD FOR DETERMINING THE AMOUNT OF MOISTURE IN 
CREOSOTE AND CREOSOTED WOOD 

“The creosoted wood, in the form of borings, turnings, saw- 
dust, or similar material, is quickly weighed and tran.^ferred to 
the 250 c.c. Erlenineyer flask, and 75 c.(^ of water-saturated 
xylol- added. The basin in which the flask is placed should 
be two-thirds full of melted pandlin or of souk' heavy lubriciit- 
ing oil such as cylinder oil. *ldi(‘ bath is heated and the distil- 
lation continued until the distillate comes in clear drops. At 
the end of the distillation the condenser should be rinsed with 
the stream from a wash botth* containing xjdol. After it has 
stood for a short tinu', the mnulsion of water and xylol separates, 
giving two clear li(|uid layiu’S. The mean of the readings at the 
top and bottom of the meniscus, between xylol and water, gives 
the volume of water, and the percentage of moisture in the 
wood is obtained by mult iplying the wat^r volume by 4. There 
are always small globules of water adhering to the sides of the 
graduate in the portion filled with xylol. These are readily 

1 Forest Service Circular 154, 'I'he lOstimation of Moisture in Creosoted 
Wood, A. L. Dean. 

2 Water-saturated xylol Is readily prep.ared by heating a mixture of water 
and xylol with frequent shakings and subsequently removing the water m a 
separatory funnel. 

18 



274 THE PRESERVATION OF STRUCTURAL TIMBER 


scrubbed down with a piece of rubber tube on the end of a piec(' 
of glass tubing, which is better for this purpose than the rod com- 
monly used for a “policeman.” 

It is important that the distillation be carried on slowly to 
allow all the water in the wood to volatilize. The finer the wood 
particles, the more rapid may be the distillation. If rathci- 
coarse material is used, the distillation should not run faster tlian 1 
drop per second. 

The apparatus shown in Fig. 29 was devised for making 
large numbers of moisture estimations on creosoted wood. TIk' 



Fi(}. 29. Apparatus for making several moisture determinations in 
creosoted wood. 


compai'tments of the paraffin bath are larger than necessary for 
the 250 c.c. flasks, but the apparatus was designed so that larger 
flasks might be employed when consideralile wood was to be used, 
for purposes of investigation, to obtain very accurate results. 

Marcusson’s method is wtdl adapted to the estimation of water 
in creosote oils. The apparatus used for creosoted wood is satis- 
factory for creosote, except that a wire gauze should be sub- 
stitute for the paraffin bath. The 250 cubic centimeter flask 
is weighed, 50 cubic centimeters of melted, well-shaken creosote 
introduced, and a second weight taken. Beventy-five cubic 
centimeters of water-saturated xylol are added and the mixture 
distilled until the water ceases to come off. The percentage of 
water is obtained by dividing the volume (cubic centimeters) 
of water in the distillate by the weight (grams) of creosote. The 
results are likely to run one or two-tenths of a percent too low. 
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THE DURABILITY OF AMERICAN TIMBERS 

The durability of timber is so exceediuj^ly varial)lo that any 
{general tabic is of value solely in seeuriiif]; an approximate idea of 
the durability of one wood as compared with another — and not 
as an index of what the wood will actually do under all con- 
ditions. For example, timber used in the South and exposed to 
the weather will decay quii^ker than tlu^ same tinib('r placed under 
similar conditions in the North; timlxu- cut from a ^,dven tree 
may be more (hirable than timber cut from the same kind of 
a tree which grew next to it; timber placed in om^ kind of soil 
may be far more durable than the same timber placed in another 
soil, etc. All of these variations have been discussed in the 
l)recedins chapters. Taking [dl of them into consideration and 
striking an average for common pract.ice, Tal)le 40 has been 
compiled. It naturally follows that these figun's are of chi('f 
value in comparing the relative durability of one kind of 
untreated wood with another, and it is believed that most of 1 1nun 
are approximat(4y correct. As moia^ autluuitic data is colhudcd, 
it is (piite likely that changes in the estimated durability will be 
necessary. 


Table 40. — The Ksti. mated Dukahii.ity of I'ntiieatei) Wood in Contai't 
With the 8oil 


Clasit A . — Very duriible 


; Class C . — Noiuhiriibic woodw. 

woods. 

('I'hoso woods wilIprol).'vhlv 

(These woods will prohahly 

hwt more tlomi 10 hid 

( I licso woddn will probably 

iiwt more thiui 2o y(?iirs 

T .1 o- • , ^ , i'lst loss tlian U) \'orirs in 

loss than 2,> years in cunt act ' . , . 

in contact with tho .soil) 

wil.h tho .soil) 

: cuiitaot with (he soil) 

Black locust 

Chestnut 

A 8) ten 

Northern white cedar 

Southern wliitc cedar 

Ash 

Western red cedar 

Douglas fir 

B(‘(‘eh 

Cypress 

Red gum (heart) 

Birch 

Mulberry 

White oaks 

Basswood 

Osage orange 

Longlcaf pine 

Balsam 

Redwood 


Oottonwood 

Elm 

Red gum (sap) 

Blue gum 

Hemlock 

R('d oaks 

We, stern yellow pine 

I I.(odg('polc ])ine 

Loblolly pine 

Sitka spruce 

White spruce 

Sycamore 

Tamarack 

Tupelo 
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List of U. S. Patents on Wood Preservation 


Niiiin' ;iti(I of 

iiivt'iifor 

Henry Aitkon, Harroch, 
Fulkirk, Scotland 

Title of patent 

Preserving timber. 

No. of 
patent 

352,210 

Date i.ssued 

Nov. 0, 1880 

lIuKo Akerhielin, Chicago, 

,11. 

I inprov'ement in compo-sitions for 
preserving wood. 

1S.5,05S 

Dee. 5. 1870 

Avigustns, Allen, C'ass Co., 
Mieh. 

Improved method of preventing 
ileeay in the timbers of bridges, 
buihlings, etc. 

100,047 

Aug. 23, 1870 

Kdw. U. Andrews, N<‘w 
York, N. V. 

Composition for preserving wood. 

247,234 

Sept. 20, 1881 

W. Andrews, New 

York, N. Y. 

Vulcanizing wood. 

430,055 

.Tune 10, 1800 

Philip F, Apf<'l, Seattle, 
Wash, and Ralph J-. Karn- 
est, Portland, (tie. 

Protect ing jjiles against, worms, etc. 

K, S3, 50 7 

Mar. 31, 1008 

Oliver .\pp, Bine Mound, 
111, 

Improvement in compo.sitions for 
preserving wood. 

210,377 

Sept. 0, 1870 

H. \V. Archer, (.’orpu.s 
('hristi, Te.x. 

Improvement in processes for j, re- 
serving wood. 

153,515 

July 28, 1874 

.McKenzie Arnn, Bristol, 
Ya. 

Composition for coloring and pre- 
j .serving wood. 

001,707 

Apr. 5, 1808 

McKi'iizie .Vrnn, Bristol, 
Va. 

Wooil jire.serving compouml. 

i 033.77S 

i 

Sept. 20, 1800 

Chas. Arnoinlt.s, Seattle, 
Wa.sh. 

Composition for pre.serving piles 
i from teredo, etc. 

520,552 

i 

1 ,_1 

Sept. 25, 1804 

.Ma-x Baehert, New V'ork, 
N. Y. 

: Apparatus for saturating wood. 

1 000,015 

j 

, Jan. 20, 1001 

.Max Baehert, New York, 
N. Y. & T). W. O’Neil, 
Newark, N. .1. 

Pre.served wood and process of pre- 
paring .same. 

1 002,713 

! 

1 

Apr, 10, 1808 

Thurman Bailey, Brid- 
port, Vt. 

Improvement in processi's for pre- 
, paring woixl for roofing. 

125,251 

Apr. 2, 1872 

.las, J, Harr, Slidell, La. 

' .Automatic retort-cover. 

! 8.57,148 

June 18, 1007 

Jas. 11. Bate, Cincinnati, 
Ohio. 

; Process of jireserving wood. 

! 

522,284 

July 3, 1804. 

Frank Batter, Marshfield, 
Ore. 

! Apparatus for pre.serving jiiles. 

1 

! 4.52,513 

May 10, 1801 

J. H. Btiuer, Scranton, Pa. 

Improvement in proce.sses for treat- 
ing souniiing-boards. 

149,420 

j Apr. 7, 1874 

S. Beer, New York, N. Y. 

Improved process for seasoning and 

1 preserving wood. 

73,505 

Jan. 21, 1808 
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List of U. S. Patents on Wood Preservation, —ron/tnwed 


Name and address of , , 

Title of patent, 

inventor 1 

Sami. P. Hrown, WashiiiR- Improvement in preserving wood, 
ton, I), C. 

No. of 
patent 

115,9.11 

Date issued 

Juno 13, 1871 

W. Pnison, P'hieai'o, Compound for pre.servinK wood. 

111. 

2.51,346 

Dee. 27, 1881 

Walter Buehler, Minne- Preserving wood, 
apoli.s, Minn. ! 

899,237 

Sept. 22, 1908 

Walter Buehler, Minne- Pre.serving wood. 
apoli.s, Minn. | 

899,480 Sept. 22, 1908 

! 

Win. W. Bunnell, Thomas- Compound for iireserving wood, 
vide, Nebr. 1 

238,34 C Mar. 1, ISSl 

i 

Peter (Irani Burns, St. Wood-jirtesiTvinu apparatus, 
f.ouis, Mo. 

864.092 

266.092 

Aug. 20, 1907 

Budolph (1. Biir.^^tenhin- Preserv.at ion of wood, 
der, Ilamhurii, Cermany 

Oct. 17, 1882 

Jas. ,1. Byer.s, (iulfport. Wood saturatiiiK and eoating 
.Mi.ss. apparatus. 

8.58,950 July 2, 1907 

1 

Sami, (’ul)ot, .Ir., Boston, Improvc'ment in proee.sses for prc- 
.Mass. .serving woo<l. 

184,141 

Nov. 7, 1876 

Sand Cabot, Brookline, Compound for bleaehing and pro- 
Mass. serving wriod. 

515,191 

_ 

78,514 

Feb. 20, 1894 

•las. Calkins, New York, Improvement in preserving wood. 

N. Y. 

Juno 2, 18fi8 

los. P. Card. St. I>oui.s, Preserving wood. 

Mo. 

2.54,274| Feb. 28, 1882 

Jos. P. C’ard, St. Louis, I’roee.ss of pro.scrving wood. 

Mo. 

317,440 

May 5, 1885 

.1. P. Card, Chieago, 111. Solution for preserving wood. 

4 19,582 

Jan. 14, 1890 

Jo.s. B. (Jard, (Jhieago, III. i Method of pre.serving wood. 81.'j,404 

Mar. 20, 1906 

C. S. Chamberlain, O.ak- Wood-preserving apparatus, 
land. Cal. ' 

621,774 

Mar. 21, 1899 

Celave Chanute, Kansas , Preserving timbered structures. 
City, Mo. 1 

430,068 

Juno 10, 1890 

Octave Chanute, Chieago, Process of preserving wood. 

111. 1 

688,932 

Doc. 17, 1901 

S. B. Chapman, Abbeville, Solution for preserving lumber. 

(la. ' 

764,013 

July 12, 1904 
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List of U. S. Patents on Wood Preservation.— Con/irmcfl 


Name and address of 1 
inventcir 1 

Sydney B. Chapman, Sky- 
land, N. C. 

Title of patent 

Treated wood and process of pro- 
dueiiiK the same. 

No. of 1 

patent 1 

Date issued 

Dec. 25,1900 

Kniile Chevigny 

Compo.sition of matter for painting 
and preserving wood. 

S2-i,794i 

i 

July 4, 1900 

William B. Chisholm, 
Charleston, S. C 

Preservation of wood. 

S()2,(iS(), 

Oct. 24, 1905 

('has. E. Clarke, Geo. 
Hadley, and J. C. Clif- 
ford, Buffalo, N. Y. 

Improved mode of preserving wood. 

07,104 

1 

1 

July 23, 1807 

E. W. Clark, Hartford, 
Conn. ! 

Improved solution for the treat- 
ment of wood. 

‘)4,K00 

Sept. 14, 1809 

Seth T;. Cole, Brooklyn, 
N. Y. 

Improvcnnent in preserviiif? wood. 

1'24.110 

Mar. 12, 1872 

Seth L. (” 010 , Brooklyn, 
N. Y. 

Improvement in proees.ses of pre- 
servinj; wood. 

124,420 

Mar. 12, 1872 

Edw. Z. ColliiiKs, Camd<>n, 
N. J. 

Apparatus for jtreservinK wood. 

:ho,sso 

Jan. 20, 1885 

Edw. Z. ('ollintis, Camden, 
N. J. 

Method of preservinn wood. 

;h7,7:u) 

1 

May 12, 1885 

Jos. H Connelly, Alle- 
gheny, Pa. 

Preserved wood. 

214,002 

June 21, 1881 

Silas Constant, I’eekskill, 
N. Y. and John Smith, 
Brooklyn, N. Y. 

! Improvement in sea.soninu and i)re' 
1 .servinn wood. 

i 

■ 0."),,o45 

Mar. 17. 1807 

Silas Constant, Peekskill, 
and John Smith, Brook- 
lyn, N. Y. 

Imi)rovement in seasoninj? and pre- 
serving wood. 

110,274 

June 27, 1871 

Geo, C. Cowle.s, Bay Mills, 
Mi eh. 

Endres.seil lumber an<l proeoss of 
pn-.serviJij? same. 

740,078 

Dee. 15, 1904 

E. L. Cowlinn, Boston, 
M as.s. 

Improvement in i)rcservinK wood. 

84,744 

Dee. 8, 1808 

C. M. Cre.s.son, Philadel- 
phia, Pa. 

Improvement in preserving wood. 

' 79.554 

July 7, 1808 

C. M. Cresson, Philadel- 
phia, Pa. 

Improvement in seasoning and pre- 
serving wood. 

109.872 

j 

Dec. G, 1870 

1 

C. M. Cresson, Philadel- 
phia, Pa. 

I mprovement in seasotnng and pre- 
serving wood. 

■ ' 109,874 

j 

^ Dec. 0. 1870 

1 

Wm. Cross. Brisbane, 

,I Method of pre.serving timbt^r. 

044,702 

Feb. 20, 1900 

i 
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List of U. S. Patents on Wood Preservation . — Conlinued 


Name and address of 
inventor 

W. G. Curtis, and J. D. 
Isaacs, San Francisco, 
Cal. 

Title of patent 

Procc.sa of preserving timber. 

No. of 
patent 

545,222 

Date is.siied 

Aug. 27, 1895 

W. G. Curtis, and J. D. 
Lsaacs, San Francisco, 
Cal. 

Process ol preserving wood. 

11,515 

Dec. 3, 1895 

A. H. Davis, CambridKC, 
Ma.s.s. 

Improved process of treating wood 
for covering walls. 

74,050 

Feb. 4, 1808 

Kdw. Davi.s, Hcdondo, 
Cal. 

Pliable-flange pile-ca.sing. 

404,000 

Dec. 15, 18'Jl 

J. C. Day, IIackott.stown, 
N. J. 

Improvement in sea.soning and j)re- 
serving wood. 

10(),;JS() 

Mar. 1, 1870 

J. A. DcKlnacc, New York, 
N. Y. 

Method of preserving and vvat<‘r- 
prooting wood. 

.Sf)2,7:fl> 

Get. 21, 1905 

E. .J. De Smcdt, New 
York, N. Y. 

Improved composition for i)re- 
serving timber and wood. 

lOO.GOS 

Mar. 8, 1870 

n. 1 1. Delwilcr and 
S. G. Van Gilder, Wil- 
liam.sport Pa. 

' Improvement in preserving woods. 

1 1 1,045 

Jan. 17, 1871 

Fred Dixon, London, Eok. 

Improvi-ment in i)rocesses for treat- 
i ing wo(m1. 

181,0.51 

Aug. 29,1870 

B. V. B. Dixon and .1. P. 
Card, St. Louis, Mo. 

Preserving wood. 

2:i<),o:iH 

Mar. 22. 1881 

.John Dolbccr, San Fran- 
cisco, Cal. 

Appar.atus for steaming i)iles. 

:t;i:i,2()4 

Dec. 29, 1885 

II. C. Dorr, San Francisco, 
Cal. 

('onipoiind for preserving wi;od. 

2!):l,055 

F(4j. 19, 1884 

C. J. Doyle, Philadelphia, 
Pa. 

.\pparatus for pre.serving woo<l. 

045,7'.>;i 

Mar. 20, 1900 

J. A. Draper, Shafl.sbury, 
Vt. 

. Improvement in compounds for 
pnwrving wood. 

152,020 

June 30, 1874 

Wrn. Dripps, Coatesvilic, 
Pa. 

' Improved process of restoring and 
j preserving decaying railroad ties. 

90,405 

Nov. 2, 1809 

P. H. Dudley, New York, 
N. Y. 

j Apparatus for impregnating wood. 

581,082 

Apr. 24, 1888 

P. H. Dudley, New York, 
N. Y. 

j Preserving railway-ties. 

• 

400,50() 

July 9, 1889 

Firmin Dufouric, New 
York, N. Y. 

Improveiiicnt in processes for pre- 
1 serving wood. 

150,841 

May, 12 1874 
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List of U. S. Patents on Wood Preservation. — Continued 


Name and addrenn of I I No. of I 

invonlor I _ ' ! palont 1 

P. F. Dundon, San Fran- 1 Tiinbcr-lroiitiiiff process. i 753,052, Fob. 23, 1904 


Name and address of 
inventor 


Clnis. J. Kanies, New j Improvement in proee.sses for pre- 134,1.33 Dee. 24, 1872 
York, N. Y. servinK wood. j j 

Edw. Earle, Savann.ah, tla.; Improvement in the mode of pre- , 934 Sept. 20, 1838 

I .serviiiK timber. j | 

H. F. Eckert, San Fran- ' .'\pi>ar.atiis for pre.serviiiK timber. .509,724 Nov. 28, 1893 
ci.sco, f'al. I I i 

II. L. Eddy, (leneva, N. V. Improved method of preservinn .53,217 Mar. 13, 18l)() 


\V. E. Ev('rette, Tacoma, Method of preserving woo<l. 801,859 Dct. 17, 1905 

Wash, I i 

E. S. Fahs, Monmouth Improvement i!i compoumls for 1 12,453 Sept, 2, 1873 
.Junction, N. .1. 1 i>rescrvinK wood. 

11. W. Fawcett, 'Pitusville, : Improvement in preserving woo<l. 123,009 .Ian. 23, 1872 
Pa. and 'Phomson M<‘' | | 

(Iowan, Meredith, Pa. i ! 

J. S. (ieorne, Fcrndale. Inj.alin« appar.at us. 7ti,),3l2 .Inly 19, 1904 

Wash. ! ' _ 

Jos. L. Ferrell. Philadelphia. .Melho<I of and ai>paralus for fire- 1120,1 1 4 Fob. 28. 1899 
1 >,^ pri)ofin« wood, etc. . 

Jos. I. Fern'll, Philadelphia. Proce.ss of imprcKt.atimr wood. 094.950 Mar. 11, 1902 

Pa. ' _ _ 

Jos. L. Fern'll, Philadelphia. Proces.s of imprcKnatinK wood with ^ 095,450 Mar. 18. 1902 
' tireproolitiM: preservatives, etc. j 

.losyErFerrelir ; Fireproofe.1 woo<l and method of tl9.5,ti78 Mar. 18. 1902 

Philmlelphia, Pa. I of maUintj same. ‘ , 

.ios. E. Ferrell, Fin-proofinn compound ami method^ 005,070 Mar. 18, 1002 

Philadelphia, Pa. of makinn .same. i 


Philadelphia, Pa. 

Jos. E. Ferrell, 
Philadelphia, Pa. 


Jos. E. Ferrell, 
Philadelphia. Pa 


Philadelphia, Pa. I rnaking same. 


Apparatus for imprennatinK worn). |71ti.l00^ Dee. 23, 1902 
Apparatus for imprennatint? woo<i. j 7Hi.U)l Dec. 23. 1002 
j Apparatus for impreKnatiuK wood, j 727,928^ May 12. 1903 
I Fireproof^oiM. etc^.1 ^rt of | 728.452^ May 19. 1903 
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List of U. S. Patents on Wood Preservation . — Continued 


Ninno and addross of 
invontor 

Jos. L. Ferrell, 

Philadelphia, Pa. 

Title of patent 

Proees.s of fireproofing wooil. 

No. of 
patent 

7(i7,r)14 

Date is.sued 

Aug. 10, 1904 

Lewis FeuehtwaiiKer, 

New York, N. Y. 

Improvement in preserving wood. 

123,107 

Feb. 0, 1872 

J. W. Fielder, 

Princeton, N. J. 

Improvement in apparatus for pre- 
.serving wootl by the Kobbin.s 
Process. 

115,940 

June 13, 1871 

Henry Flad, 

St. Loviis, Mo. 

Method of seasoning wood. 

231,783 

Aug. 31, 1880 

Henry Fla<l, 

St. Louis, Mo. 

Process of pre.serving wood. 

231.784 

Aug. 31, 1880 

Henry Flad, 

St. Louis, Mo. 

Apparatus for the treatment of 
timlx-r for presi.Tving it. 

2.')3.301 

Feb. 7, 1882 

Web.stor Floekton, 
Hermond-sey, Eng. 

Inprovement in metallic solutions 
for the preservation of timber. 

130 

Feb. 10, 1837 

H. P. Folsotn, and Howard 
Jones, Cireleville, Ohio. 

Sterilized erected pole. 

837.820 

Dec. 4. 1900 

Henry Pajje Folsom and 
Howard Jone.s, 

Cireleville, Ohio. 

Sterilizing and preserving posts 
and poles. 

891,019 

July 28, 1908 

B. S. Foreman, 

Morrison, III. 

Improvement in preserving wood, 
railroail ties, etc. 

; 43,191 

June 21, 1804 

B. S. Foreman, 

; Improvement in pre.serving wood, 
railroad ties, ete. 

4,300 

May 2, 1871 

E. M. Fow’.er, 

New York, N. Y. 

Improvetnent in pre.serving blocks 
of wootl. 

112,130 

Feb. 28, 1871 

J. D. Francks, j 

IIanov<;r, Ci<;rmany. 

1 Proce.ss for pre.serving wood. 

: 231,419 

Aug. 24, 188(1 

Chas. S. Friedman, 
Philadelphia, Pa. 

Method of creosoting wood. 

093,097 

F.;b. 18, 1902 

Wm. T. Oarratt, 

San Franei.sco, Cal. and 
S. J. Lynch, 

Santa Cruz, Cal. 

j Improvement in protecting wooden 
piles. 

215,000 

May 20, 1879 

Louis Call) man, 
Washington, D. C. 

Drying apparatus. 

700,340 

Aug. 2, 1904 

Ja.s. H. Gatling, 
Murfreesborough, N. C. 

Inprovement in treating the timber 
of old field pines. 

113,158 

Mar. 28, 1871 
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List of U. S. Patents on Wood Preservation . — Conlinued 


Name and address of 

inventor 1 

J. W. r.oibol, 1 

Loysburg, Pa. 

Title of patent 

Process of removing sap, etc., from ^ 
wood. j 

No. of issued 

patent ! 

S2.5,819 July 10, 1000 

Joseph F. (Jcisler, 

Now York, N. Y. 

Firc'proofing and preserving wof)d. j 

.'iOO.OM May 10, 189G 

Jos. F. ('loi.sler, 

New York, N. Y. 

Process <jf fireproofing and prose rv- ; 
ing wood. j 

07.5,820 June 4, 1901 

Jos. F. Geisha, 

New York, N. Y. 

Process of fireproofing wood, | 

079,7:i9| Aug. 0, 1901 

J. iS. George, 

Newport, c:rc. 

Methoil of preserving timber. | 

i 

.'■>33, .587 Feb. 5, 1895 

1 

I 

P. iT. Gerhard, 

Austin, Tex. 

Apparatus for treating timber. 

791,00.5| July 11, 1905 

John Knowle.s and 

Robert Gilbert, 

London, I'hig. 

.Method of preserving timlier and 
other vegetable jiroduets. 

:5oL Sept. 21, 1837 

C. C. it G. K, Gilman, 
Eldora, Iowa. 

Fireproofing building materials. 

500, 58o' May 19, 1890 

! 

t 

J. T. Gilmer, 

Pensacola, Fla. 

Sap and gum extractor. 

i_ , 1 

S.5S,3SO' July 2, 1907 



J. L. Gilmore, 

Minneapolis, Minn. 

{ Apparatus for creosoting the ends 
of poles. 

! 797,275 Aug. 15, 1905 

i ! 

Edw. Gold, 

Vancouver, Can. 

Method of protecting piles. 

1 0.80,282: Nov. 12, 1901 

A. J. Goodwin, 

New Smyrna, Fla. 

Impregnating wood, etc., with 

1 Copper. 

■414,111 Oct. 29, 18,89 

Geo. Wm. Gordon, 
Philadelphia, Pa. 

i Proc«‘SS of preserving wood. 

! 

751,98 Feb. 9, 1904 

Aug. Gotthilf, 

New York, N. Y. 

Improvement in the method of pro- 
tecting timber from destruction by 
worms, dry rot or other proces.ses 
of spontaneous decay. 

232 ' June 14, 1837 

Wm. D. Grimshaw, 

New York, N. Y. 

Improvement in processc.s and aii- 
paratus for preserving and curing 
wood. 

218,024 Aug. 19, 1879 

j 

Gustaf Grondal, 
Djursholm, Sweden. 

Channel-furnace for treating wood. 

! 245,102 Oct. 31, 1905 

1 

Hugo Gronwald, 

Berlin, Germany. 

Process of prc.serving cork. 

1 273,045 Sept. 11, 1900 
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Name and addroHS of 
inventor 

Title of pati'iit 

No. of 
patent 

Date i.ssued 

Hugo Grotnvald, 

Berlin, (Jermany. 

Process of preserving cork. 

s:jo,s:fi 

Sept. 11, 11)00 

Tomaso Guissani, 

Milan, Italy. 

Process of pr(‘.serving wood. 

707,221 

Aug. 19, 1002 

Tomaso Guissani, 

Milan, Italy. 

Apparatus for impregnating wood. 

7i3,n:i0 

Nov. 13. 1002 

Stuart Gwynn, 

New York, N. Y. 

Improved process of saturating 
wood, cloth, paper, etc., with 
paraffine. 

52,7SS 

Feb. 20, l.SOO 

Erwin Hagen, 

St. I-oui.s, Mo. 

IVeserving wood. 

24r.,7()2 

Sept. 0, ISSl 

Francis Hall, 

Tacoma, Wash, 

.M<‘tlu.Kl of prt'.serving woo<l. 

r)(i(),io;i 

Let. 10, 1S03 

Win. A. Hall, 

Now York, N. Y. 

Art of coloring and fireiiroofing 
wood. 

001,12:5 

June M, 1010 

Alex, Hamar, 

Hungary, .\ustria. 

Improvement in pn-serving wood 
from <lecay. 

•IS. 0.30 

July 4, ISO.", 

Alex, Hamar, 

Hungary, Au.stria. 

Improvement in pre.serving timber. 

r.i,.^2s 

Doc. 12, ISO", 

Louis Hanson, 

Wilmington, N. C. 

Ap|)aratus for pre.s»>rving and cn-o- 
sotiiig wood. 

722,r)0.') 

Mar. 10, 190:{ 

I.udvig Hansen and 

Andntw Smith, 

Wilmington, N. C. 

Apparatus for creosoting wood. 

310,001 j 

May 

, 188.") 

Ludvig Hansen and 

Andrew Smith, 

Wilmington, N. C. 

Process for pre.serving wood. 

317,12(»| 

May 

, LS8.", 

Lmlvig Hansen and 

Andrew Smith, 

Wilmington, N. C. 

Woo«l-pn*.serving apparatus. 

322, S Hi 

July 21, IS,S.", 

Thos. Hanvey, 

Lancaster, N. Y. 

Improvement in preparing and 
preserving wood. 

02,1).", 0 

Mar. 19, 1S07 

Smith T. Harding, 
Morrison, III. 

Improved compound for preserv- 
ing wood. 

08,001) 

i 

Aug. 27, 1807 

Louis Harmyer, 

Cincinnati, Oliio. 

Improved composition for pnvserv- 
ing wood, metal, canvas, etc. 

73,210' 

I 

Jan. 14, 1808 

S. E. Haskin, j 

Avoca, N. Y. I 

Illethod of vulcani^sitig wood. 

31)9,11)0' 

1 

Mnr. 6, 1889 




APPRNDWm 


285 


List of U. S. Patents on Wood Preservation.— Con/mwcr/ 


Naino and iiddross of 1 

invontor 1 

Title of patent | 

No. of 
patent i 

Date issued 

S. E. HaHkin, 

Avopa, N. Y. 

ProP(“8s of ami apparatus for vul- ! 
eaiiizing wood. j 

488,907 

Dec. 27, 1892 

Fritz HawHolmann, 
Hapfclljiirf?, Gf'rniany. 

Method of impregnating wood. j 

580,188 

April 13. 1897 

Fritz llaHHi'linann, 
Munirh-Nyinplu'nburjr, 

Gor. 

Method of impregnating wood. 

020, .538 

Juno 0, 1899 

Ilcrinann Haiipt, 
IMiiladolpiiia, Pa. 

Improvement in drying, preserving, ; 
and coloring wood or other fibrou.s ] 
material. | 

99,180 

Jan, 25, 1870 

Itobt. T. llavcniH, 
Wilinitmton, Chio. 

Improved process for preparing 
wood for boots and shoes. 

54,339 

May 1, 1800 

Jowlnia R. Ilaycs, 
WaHhiiifiton, 1). C. 

Improveimmt in pre.serving wood. 

107,904 

Oct. 4, 1870 

Ira Hayford, 

Ro.ston, Mass. 

Improvement in the jiroeess and 
apparatus for treating wood. 

101,012 

Mar. 22, 1870 

Fra Hayford, 

Rowton, M;i.ss. 

Improveimmt in processes and ap- 
liaratus for treating wood. 

127.4S2| .Tune 4, 1872 

Ira Hayford, 

Poston, Miiss, 

Improvement in apparatus and 

1 proeesse.s for pre.serving wood. 

191,773 

Sort. 1, 1877 

Win. Hayman, 

Taunton, Mass, 

j Improvement in compositions for 
! pn-.serving wood. 

1 10,0.52 

Jan. 3, 1871 

Tlii'o. Win. Hcinoinann, 
Now York, N. Y. 

i Improve(| mode of purifying, .sea- 
1 .soiling, and pri'serving wood. 

70,7.57 

Apr. 14, 1868 

'I’lico. Win. lloincinann, 
N(‘W York, N. Y. 

i Improved method of seasoning and 

1 pn'serving wood. 

94,204 

Aug. 17, 1809 

T. W. Ileinoinann, 

Now York, N. Y. 

j Improved proee.ss and apparatus 
j for preserving wood. 

95,171 

Oct. 5, 1809 

i 

Hubert, IliKKins, 
CainbridKe, Eng. 

: Apparatus for impregnating and 

1 sea.soning wood. 

095, 152' Mar. 11. 1902 

1 

Arthur Holmes, 

Cortland, N. Y. 

j Improvement in preserving wood 
from decay. 

02,33- 

1 Feb. 20. 1876 

Ira Holmes, 

Moscow, N. Y. 

Improvement in compounds for 

1 preserving wood. 

124,35 

Mar. 5, 1872 

H. L. Houghton, 
Morrison, 111. 

i Iinjiroved composition for harden- 
j ing and pre.serving wood. 

65,07 

1 June 11, 1807 

Chas. Howard, 

New York, N. Y. 

1 Process of and apparatus for satu- 
! rating wood. 

557,27 

ij Mar. 31, 1890 
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List of U. S. Patents on Wood Preservation . — Conlinued 


Namo and addrosH of 
inventor 

i Title of patent | ^ 

^lo. of 1 
)atent ] 

Date is.suol 

haa. Howard, 

New York, N. Y. 

1 Process for pre.serviuK woo<l. 

dH),400' S(>pt. 22, P.itts 

1 1 

Vm. Howe, 

Seattle, Wash. 

, Pile-protector. 1 

i i 

1 

yoo,02'.i| 

Del. 13, P.ttts 

Frank A. Howig, 

San Francisco, (’al. 

Ijoprovement in production of 
wooden V)ottle-stoppers anil huiiKs. 

197, 22u; 

Nov. 20. IS77 

Pierre Hiigon, 

Paris, France. 

' Improvement in apparatus for car- 
honizinn wood. 

JS,SS2 

July IS, IS)),') 

D. W. Hunt, 

San Francisco, Cal. 

1 Improveil macliine for kyanizing 

'JI.S-IS 

June 22, Isiid 

David W. Hunt, 

San Francisco, Cal. 

1 Imiirovement in machines for kyan- 
1 izing wood. 


Jan. 11, ls7t) 

John HuntliiKtun, 
Cleveland, Ohio. 

i Improvement in devices for iinprcg- 
' nating timhi'r with nnli.septic fluid. 

171,13.'’) 

Dec. 14, 1,S7.7 

John Huntinuton, 
Cleveland, Ohio. 

Improvi'ini nt in devii-es for impreg- 
nating timber with anti.sepfic 
; fluids. 

171,i:it) 

Dec. 14, 187.'-) 

Warren IddiriKs, 

Warren (diio. 

; Preserving and h.ardetiing wood. 

Hits, 1)19 

Feb. 20, l.S.SO 

n, A. .leaner. 

Bower's Station, Pa. 

I Inifiroved compound for preserving 
! wooil. 

81,172 

1 

Aug. 18, IStlS 

Paul .laener, 

Essl i ri nen , ( 1 er tnaiiy . 

; Metfiod of and api>aratus for im- 
i pregnating and dyi'ing wood. 

.')7S,r)i() 

Mar. 9, 1897 

B. H. Jenks, 
Bride.sburn, Pa. 

: Improved proee.ss for coloring wood. 

r),j,i]() 

.May 29, ISIWl 

I 

B. H. Jenks, 

Brifleslnirn, I\a. 

, Improved mode of treating wood 
for the manufacture of carding- 
1 engines. 

1 1 1 

j May 29, ISlih 

B. H. J.-nks, 
Bride.shurj?, I’a. 

\ Improved j>roc<‘.ss of seasoning 
j wood. 

j 3S,-12o 

1 

1 

Oct. 2, iStil) 

Joseph Jones, 

New Orleans, La. 

1 Improvement in preserving wood. 

j 118,24r) 

Aug. IS, 1871 

Thf)S, Jones, 

Calstock, Enj?. 

1 Improvement in procc.ssea for pre- 
j serving wood. 

l.').5,191 

Kept. 22, 1874 

Wm. H. Jones, 
Rochester, N. Y. 

1 Improvement in proce.s.sea of pre- 
1 serving wood. 

132,. '584 

Oct. 29, 1872 




i\l1‘KNl)I(’KS 


2H7 


Ust ol \J- on "Wood Ptesorvalion.- Couiimud 


Il'ltr is.^ljfj 


N:un.‘ aiu\ ol ^ ^ ^ No, of 

inYv'^Uor piitfrit 

V\!\TmTo(\l lUuV \in\tn)Vo»u ul tu \)i. rt< vviUR \^.)«>.l, l:',2,.',Si Mur. :i() isi;-)l 

Nir\\o\ivH'V\oWnv, 

Wouu, Vru^^svA. 


I V:\r\ K\fmsi'\\nudl, 
I SeuiUi', W ash. 


I W'oiM\-i>ii‘siTvitiR < ()iin)(>mu\. 


;‘'*.)7,ra2 .\,,r. 15, 1<HV2\ 


I'lrnat Kooi^ft^r, 1 

V ionua, Avi«tria- 1 1 niiRary . J 

.\j)l>aralun for improRnutinR wood. | 

i 

no, oft. 

.Ian .''20, "loco I 

Franz F. Konrad, j 

MvinHti'r, Ci'rinany. 

Method of fireproofing wood. | 

020 . stn 

Aur.”!, ISO!) 

H. 1C. Krouinr, 

Dalian, Tox. 

Ai)p!iralu» for treating tiinhcr, rail- 
way ties, ete. 

240,0o:i 

Nov. 22, 1,S81 

Hudolpli Kroll, | 

Hpi-arfish, So. Dak. 

VVooil pri'.servation liy rne.ans of 

1 boriiiRH in timber ti> permit the 
entrance of air. 

727,0751 

May 12, lOO.'l 

(jPorRo Kron, 

CopcnliaRcn, Di ninark. 

jMt'ihod of i)rodneinR U(|nid-litf.ht 

1 joints for impri-RnatiiiR wood. 

250,450 

April 10, 1905 

i 

1 


Herthold Knekuek, j 

Wannsec near Berlin, (ler.j 

.'\p|>aratus for impregnating wood 
f)r ol her snbst anees. 

,Sr.f..4,S7, 

1 

1 

Sept. 17, 1907 

John Howar<l Kyan, 
('helb-nham, ICoR. 

Imi)rr(ve<l mode of preserving tim- 
ber and other vegetable sub- 
stances from decay. 

.SOOi .lune 25, ISdS 

1 

i 

Sylv<'ster W. Labrot, 

New Orleans, La. 

1‘roeess of pres<‘rving wood. 

.Kt'.2,4.S.'< 

j 

Aug. 0, 1907 

Jas. Ciuy T.a Fonte, 
Indianapolis, Ind. 

Improvement in treatment of wood 
for corset st.ays, i te. 

201,022 

Mar. 5, 1S7.S 

Fred. 1C. Lamiiert, 

San Franelseo, (’al. 

Coating for piles. 

454,744 

JuiH' 2.’J, 1891 

C. S. Lawrence, 

Plainfield, Wis. 

Wood-pre.serving comiiound. 

()S2,:t(i;« 

Sei)t. 10, 1901 

Fred. Lear, 

St. lionis. Mo. 

Improvenu'nt in coloring and pre- 
.serving wood. 

109,027 

Nov. .S, 1.S70 

Frcal. Lear, 

St. Louis, Mo. 

Improvement in preserving, color- 
ing, and seasoning wood 

lll),9r>!) 

July 11, 1871 

Georg Friedrich l,ebioda, 
Boulogne-sur-Seine, 
France. 

Apparatus for <lyeing and impreg- 
nating wood. 

009,442 

Aug. 2 : 1 , 1898 

Georg Friedrich Lebioda, 
Boulogno-sur-Seine, 
France. 

Apparatus for iinpri'gnating wood. 

014,252 

Feb. 27, 1900 
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Niune and address of 
inventor 

Ccorg Friedrich Lehioda, 
liouloKnc-sur-Scino, 
Franco. 

Title of patent 

Apparatus for impregnating wootl. 

No. of 
patent 

655,7SS 

Date issued 

Aug. 14, 1900 

Cioorn Friedrieli Ijchioda, 

.\pparatus for impregnating wood. 

089,317 

Dec. 17, 1901 

HuuloKnc-.sur-Seine, 




France. 




Geor^ Friedrich Febiotia, 

Broces.s of obtaining impregnatetl 

729,362 

.May 20, 1903 

Boulogno-.sur-Seino, 

wo(hI. 



Franco. 




Chas. T. Loo, 

Process of pre.serving wood. 

■}19,sr)S 

Jan. 21, 1890 

Boston, Mas.s. 




TA)ui.s Tj. Lo Franc, 

Manufactun' of wooden stoppers. 

003,234 

Dec. 4, 1900 

Bosc-lo-Hard, Franco. 




lon.s 1^. Lihnie, 

Preserve<l wood and process of pro- 

700,173 

Mar. 29, 1901 

Clovoland, Ohio. 

paring .same. 



John T. Lloyd, 

Vulcanizing woo<l. 

.')00,.')9 1 

Aug. 25, 1890 

Now York, N. V. 




Fred. A. I.ol)ort, 

Compound for preserving limber. 

r)fo,9t;() 

Sept. 21, 1895 

National (.'ity. Cal. 




l{enil)randt I.oek wood. 

! [mprovement in processes of trejit- 

17-1,914 

Mar. 21, 187(i 

Brooklyn, N. Y. 

i ing wo<nl. ; 



John 'I'ho.s. T.ojrati, 

Process of |>re.serving wood. ! 

.831,793 

Sept. 25, 1900 

Texarkana, 'I'ex. 

1 1 



J. T. LoKan, 

: Appanilus for treating the butt- 

830, o92 

1 Nov. 20, 1900 

Texarkana, d'ox. 

! ends of logs. 

• 


John Loomis, 

, Solution for a(‘asoning and pre- 

273,801 


Joffor.sonvillo, Ind. 

i serving wood. 


j Mar. 13, 1883 

Ira I.oiiKhboroiiKh, 

1 /\r>paratus for saturating railroad 

o33,r,43 

Feb. 5, 1895 

Fittsford, N. Y. 

1 ties. 


1 

Cnthhort B. Lowry, 

; Wood impregnation. 

831,130 

Sept. 18, 1900 

Lexington, Ky. 


1 


Cuthbort B. Lowry, 

AI<‘ans for withdrawing and con- 

902,097 

Oct. 27, 1908 

Lexington, Ky., 

dmising vapors. 



Bichard Bernhard, 




Chicago, 111. 

i 



M. A. Luckenbach, 

; Process of tre^ating wood to prevmit 

473,705 

Apr. 20, 1892 

Denver, Col. 

! decay. 



Geo. A. Ludington 

i Method of vulcanizing tires in con- 

754,078 

Mar. 8, 1904 

Akron, Ohio. 

' tinuou.H lengths. 

1 

1 
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List of U. S. Patents on Wood Preservation . — Coniinued 


Naiiio and address of j 
inventor ! 

GroKory Lukins, 

Sweetwater, III. 

Title of paUint 

Preserving wood. 

No. of 
patent 

245,.S15 

Date is, sued 

Aug. 16, 1.881 

Antionelte Maeaidey, | 

Ft. Dodge, Iowa. j 

Wood-pre.serving eoinpoun<l. 

778,321 

Dec. 27, 1904 

J. C. Mallonee, 

Charleston, S. C. j 

Proces.s of preserving wood. 

380,000 

July 31, 1.8.88 

Ernst Marmetsehke, 
Sehopfurtli near 
Kberswalde, Ger. 

Method of impregnating timber 
and the like. 

808,210 Sept. 8, 1908 

J. C. NIarshall, 

Oakland, ('al. 

Wood-pre.serving compound. 

250,030 

June 0, 1882 

J. A. Mathieu, 

Detroit, Mioli. 

A|)|)aratu3 for pre.serving railw.ay 
lios. 

332,007 

Dec. 8, 1,885 

H. G. MeGonegal. 
Washington, D. C. 

Improvement in apparaltus for pre- 
serving wood. 

140, .520 July 1, 1873 

i 

Jas. MeKeon, 

Oakland, Cal. 

Proee.s.s of pre.serving limbcT. 

401,305 

Oct. 13, 1,801 

.lohn MeLaehlan, 

Chieago, 111. 

Proc(‘S.s of .solidifying wood. 

.575,973 Jan. 20, 1897 

1 

A. R. M.-Nair, 

Now York, N. Y. 

; Improvement in pre.serving wood 
; from decay and mildew. 

01,02( 

Sept. 7, 1.809 

Win. K. Miller, 

(’anion, Ohio. 

Improvement in burial eases. 

i 57,54.’ 

i Aug. 28, 1800 

E. 1’. Morong, 

Boston, Mas.s. 

Improvement in pre.serving wooden 
' pavements. 

134,470; Dec. 31, 1872 

■ i 

L. D. Mott, 

Marshalltown, la. 

Compound for preserving wood and 
j metal. 

2.51,018 J.aii. 3, 1882 

II. G. Muller, 

San Franeiseo, Cal. 

Preserved wood. 

1 

; 230,00 

Dee. 28, 1880 

Peter Murray, 

Seattle, Wash. 

^ Method of pre.serving timber. 

j 405,991 .^pr. 25, 1893 

II. C. Myers, 

Cleveland, Ohio. 

1 Metluxl of vulcanizing wood. 

537,303 Apr, 0, 1895 

> 

Robt. Nowell, 
Philadelphia, Pa. 

Improvement in compoumls for | 140,530 June 21 , 1S73 
coating woo*l and other .articles to j j 

render them acid proof. j i 

B. R. Nickerson, 

San Francisco, Cal. 

Iinprovcmcnt in preserving and j 107,020 Sept. 20, 1S70 
hardening wood. 1 


19 
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Numc !iml atWrffjs of 
inventor 

Title of patent ! 

No. of 
patent 

Date issued 

Win. C. Jones, 

W. J. K. Stratford, 

F. R. liyrnoa, and 

E. J. Nixon, 

Texarkana, Tex. 

Process of saturating wood. i 

i 

i 

i 

21(),2St; 

Nov. 7, 1905 

Patriek (VRrien, 

South Bend, Ind. 

Improvement in processes for pre- 
paring the surface of wood-work of 
carriages. 

17r),021 

Apr. 4, 1870 

J<ihn Oliver, 

Toronto, Can. 

1 Improvement in preserving and 
drying lumber. 

142.:i l7 Sept. 2, 1S73 

Geo. Palmer 

I-ittlestown, Pa. 

Improvement in preserving wood. 

49,110 

Aug. 1, 1805 

Chas. W. Parker, 

Geneace Fork, Pa. 

Preserving posts, etc. 

37S,4r)9 

Feb. 28, 18SS 

Win. D. Patten, 

New York, N. Y. 

Fireiiroofing compound. 

S02,:H 1 

Get. 17, 1905 

Joa. Paul, ami 

Ira Hayford, 

Roaton, Ma.aa. 

Improved process of treating wood 

1 to preserve, season and give it a 
better surface. 

9r),.')S:i 

Get. 5, 1809 

Clias. Payne, 

South Lambeth, Eng. 

Improvement in prooes.ses for pre- 
! serving wood. 1 

7,. 399 

May 28, 18.50 

Wm. T. Pelton, 

New York. N. Y. 

1 Improvement in portable appa- 
1 ratus for preserving wood. 

113,338 

Apr. 4, 1871 

Wm. T. P(dton, 

New York, N. Y. 

Improvement in apparatus for 
^ sea.soning and preserving wood. 

124,080 

Feb. 27, 1872 

Herbert Elmer Pereival, 
Ilouaton, Tex. 

1 Wood-preserving compound. 

891,720 

Juno 23, 1908 

Sami. 11. Percy, 

New York, N. Y. 

; Prc.serving wood. 

219,8.')0 

Nov. 22, 1881 

Josef PfiHter, ; Method of preserving timber. 

Vienna, Austria-Hungary. 

083,792 

Oct. 1, 1901 

Josef Pfister, Process of staining woods. 

Vienna, Amstria-Hungary., 

708,009 

Sept. 2, 1903 

Josef Pfi.ster, Apparatus for impregnating or 

Vienna, Austria-Hungary, staining wood. j 

735,019 

July 28, 1903 

Geo. Phillips, 

Key West, Fla. 

! Coating for wooden structures. 

i 

414,247 

Nov. 5, 1889 

Geo. Phillips, 

Key West, Fla. 

j Process of preserving wood. 

414,249 

Nov. 6, 1889 
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List of U. S. Patents on Wood Preservation. 


Name and address of 
inventor 

Title of patent 

No. of 
patent 

Date issued 

A. M. Pioree, 

Brooklyn, N. Y. 

I'rocess of fireproofuiK wood. 

737,4(58 

Aug. 25, 1903 

Wtn. Powell, 

Liverpool, EriK. 

Vulcanized wood and proee.ss of 
vulcanizing .same. 

7.5.5, 240 

Mar. 22, 1904 

Theo. Pridhain, 

Petersham, 

New So. Wales. 

Coating for timber. 

4.53,821 

JuiK! 9, 1891 

D. R. Prindl.!, 

East Bethany, N. Y. 

Improved i)roee83 of preserving 
wood and timber. 

(.3,300 

Mar. 2(5, 18(57 

Thos. N. Pruddi'M, 

San Fratieiseo, Cal. 

.Method and apparatus for protect- 
ing marine wooden structures. 

8,5.5,.5.S8 

June 1, 

1907 

A. D. Purinton, 

Dover, N. II. 

Improved composition for setting 
posts, timlx'rs, etc. 

78,001 

June 9, l.S(58 

(lOo. Pustkuehen, 

IL.boken, N. .1. 

Improved apj»aralU3 for impreg- 
nating wood with tar and other 
materials. 

(54,703 

May 11, 1.8(57 

Jos. W. Putman, 

New (,rliuvns, I.a. 

Apparatus for treating wood for 
pre.serving it. 

247,947 

Oct. 4, 1881 

Jos. W. Putman, 

New Orleans, La. 

A)tparatus for treating timber with 
anti.septics. \ 

2(515,51(5 

_ i 

Oct. 24 

, 1882 

Jos. W. Putman, 

N(!W ('rleans. La. 

j Compotind for preserving timber. 

101,302 

May 28, 18.89 

Jos. W. Putman, 

New (.rleans, La. 

Wood-preserving compound. 

405,907 

June 25, 1889 

Randolph. F. IladebauKh, 
Tacoma, Wash. 

' Process of and apparatus fr)rtreat- 
i ing wooden stopples. 

535,770 

Mar. 12, 1.895 

Frederick Ransome, 
Ipswich, Great Britain. 

j Improvement in pres('rving timber. 

.55,21(5 

May 29, 18(56 

John M. R(!id, 

AlloKheny City, Pa. 

; Improvement in pre.serving wood. 

1 

1.54,7(57 

Sept. 8, 1874 

Peter C. Reilly, 
Indianapolis, Ind. 

' Prc'served wood arnl method of 
j m.aking sanm. 

901,. 557 

Oct. 20, 1908 

Peter C. Reilly, 
Indianapolis, Ind. 

Preserved wood. 

899,901 

899,90.5 

iScpt. 29, 1908 

R. P. Reynolds, 

Walla Walla, Wash. 

, ■ ■ 

Timber preservative. 

792,458 

July 13, 1905 

H, L. Ricks, 

Eureka, Cal. 

Method of preserving submeged 
timbers. 

j 3.80,820 

1 Apr. 10, 1888 
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List of U. S. Patents on Wood Preservation. —Con/u/waf 


Nmuo and addri'sa ol 
inventor 

Sand. Uin^RoUl, Fla. and 
I'dw. Farle, I 

Savannali, (in. 1 

No. of 

Title of patent 

Improved mode of preservinn tim- 877 

her by boiling the saim- in lime- 
water. i 

D;ite issued 

Aug. 0, ISds 

L. S. l?(d)\)ins, 

New York, N. Y. 

Improved process for preserving j 
wood. ; 

47,i:i2j 

Apr. 4, Iktif) 

L. S. Uol)l)in.'<. 

New York, N. Y. 

Improved mode of pre.s<‘rvinn 
telegraph poles. 


Apr. 27, lS(>u 

L, S. Roblnns, 

New \'ork, N. Y. 

Improvement in processes for pre- 
.servinn wood. 

it).'),7()S: 
1 

July 20, 1S7.'. 

L. S. Robbina, 

Elizabeth, N. J. 

Improvement in i)roces,ses and ap- 
paratus for jneservinn wood or j 
lumber. 

217,022 

.Inly 1, 1870 

L. S. itobbins, 

New York, N. Y. 

Pre.serviriK woo<l. j 

‘),.M2 

Dec. 21, 1880 

J. (i. Rohin.son, 

Brooklyn, Ala. 

Fence-post. 

bj.YOlkS 

Aug. 7. 1000 

W. W. Hobin.si>n, 

Bipoa, Wifii. 

Pro< ess of pre.serviiiK wood. 

21D,(>7C. 

Mar. 4, 1884 

11. N. Roue, 

I'.donard I’oret, 

Pierre BafToy, and 

Pierre Dupre, 

Paris, l'raiie«‘. 

Improvement in proce.sses of pre- 
serving woofl .and other v»'Ketable ! 

; matters. i 

101.207 

M.ay 20, 1877 

Ja.s. Piowc, 

San Franeisru, f’al. 

('omposition for protecting piles. 

1 i(),.s;{2 

j Nov. 18, 1800 

Sarn’l. M. Howiy 

Cfiiea«o, 111. 

Door mechanism for er<‘o.so(inK 
tanks. 

008,111 

Dee. 20, 1008 

Karl liuek< r, 

ZernHd(,.rf, Uer. 

, Method <jf fireproofitut wood. 

1 

001,812 

Jan. 28, 1002 

Ma.'( Raping, 
CliarliRleidoirn, (Jer. 

Method of itnpreKnatinn wm.d. 

707.700 

700.700 

Sept. 23, 1002 

i 

Julias HutKcrs, 

Ih'rlin, (ieriiiany. 

Wood-inipreKnatiiiK compound and 
method of makioK same. j 

002,810 

1 Nov. 20, 1000 

Fbriile Sabathc, and 

Louis Jourdan, 

Paris, F’ranee. 

; Improvement in impregnating 

Hubst anccs with pres e r v a t i v e 

1 material. 

08, Odd 

, Sept. 11, 1800 

'rho.s. 11. SanipMoii 

New Orleans, La. 

I’roccss of pre.serving lumber. 

1 : 

403,144 

. May 14, 1880 
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List of XJ. S. 

Nivmo !Viul uddrcrtH of 
inventor 
.). L. Siinou'lM, 

H;ui Francisco, Cal. 


Chr. SclialllxTuer, 
Seattle, Wash. 

Chr. Schallherner, 
Vanconver, Can. 

Juliins Sehenkel, 
l^urtimiiul, Cer. 

Julius Sehenkel, 
Durliuun<l, Cer. 

P. Seluniilt, 

JoH. Sehneible, 

New York, N. Y, 

I Chas. A. Seely, 
New Volk, N. N . 


Jos. A. Sewall, 
Denver, Col". 

A. J. Shehlon, 
HulTalo, N. \. 

Morris Shi'i iuan, 
Chattanooya, ’I'ci 

S. T/. Shullleton, 
Seat lie, W.ash. 

J. Iv Siehel, 
ChicaRo, 111. 

II. V. Simpson, 
l.oiuloti, Kiir. 


II. V. Simpson, 
London, For. 

Arehibahl .1. Sinela 
Chicago, 111. 

Smith A. Skinner, 
lloosiek Falls, N. 

Bat Smith 
Spanish Camp, T 


2^?, 


Patents on Wood Preservation. -f'oHlDittrr/ 


No. of i 


Title of patent ' Date issued 

I lmprove<l composition for jua-par- j ()0,794 .Ian. 1, 1H67 
! ing and hardening wood ami pre- , j 

! serving the same. 1 j 


i Compound for proPa-ting tindier. i (178,201, July 9, 1901 

■ Wood-preserving compound. 711, .121 Nov. 2.'>, 190. 


I Prooes.s of impregnating wood. (l.Y'i. iriO Aug. 7, 1900 


1 Process of fireproofing wood. til7,12.S Apr. 10, 1900 


1 Preserving wood. 


.1,.5(10 June 0, 1810 


j Method of and app.aratus for sat- | .199,79.8^ Mar. 1, 1898 
j urating corks. ! I 


i Improve.l method of impregnating i 09,200 Sept. 21, 1807 
I wood with oleaginous and saline j 

1 I I 


' j' „f ,.r....ervius w.HKl. ! :i71,20» 1>.'C. 6, 18S7 


I Ii,i|.r..vi'm.'iu in ptiaiTvlnK noiiil. i Aug. 2.1, 18.0, 


[ Mc.nna (or sooiirinBl.':«'l»l» ,781.371 J«n. 31, I'lOS 

I cylinders, etc. i 


j Method of protecting wooden piles. (170,701, June 18, 1901 


, „„„r„v,.n,..nt ... ,l.-,.iWinB l.kl.- 0 10,038^ .L.ly 1. 1871 

1 and [irt'serving wood. 1 j 


I Fireiirooling wood. 


i 010,101 Mar. 27, 1900 


1 


j Process of liretirooling wood. (j()8,227 1 * b. 19, 1901 


1 oontinn ........ri»l | .8!13.3'.'i .luly 14. 1308 


witli asphalt. 


i nn.l lo .'x. .'■-O'l i" l2“,010 ,M»r. 14, 1882 

binding sheaves of grain. 


I Composition for preserving wood. 2.11, 827 July 12, 1881 
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List of U. S. Patents on Wood Preservation. Continued 


Niiino :uul addros.s of 
invontor 

Title of patent 

i No. of 
patent 

Date issued 

B. Smith, 
riul!iJol|)hia, Pa 

I Improvement in apparatu.s for pre- 
i serving wood. 

I 

) Mar. 10, 1875 

(feo. B, Smith, 
Philadelphia, Pa. 

; Improvement in wooden .shingles 
' made fire-proof. 

llM),001 .Ian. S, 1878 

VV. B. Smilli, 

La Fayette, 111. 

Improved apparatus for s.aturaling 
timber. 


Feb. lit, 1807 

i 

W. II. Smith, 

Steubenville, Ohio. 

i Improvement in apparatins for in- 
I jei-ting pre.servative Inpiids into 
wood. 

111,781 Feb. M, 1871 

j 

W. L. Smith, 

New York, N. Y. 

Apparatus for impregnating wood. 

711,080 Get. 14, 1902 

P. S. Smout, 

Fverott, Wa.sh. 

C'ompo.sit iiui for preserving piles 
and titnber. 

1 80(),.Y.) 

D(‘c. .5, 1905 

Kdw. Spaulding, 

Brooklyn, N. Y. 

Improved proc<>.ss for tn-ating wood 

; 77,777 

.M.ay 12, 1808 

S. F. Spaulding, 

.bTieo, Conn. 

I mprovemetit in jireparing vema rs 
for butt.er-l)ox('s. 

lot, 94.' 

.lum' 29, 1875 

(leo. S[)(*iz, 

Dutch Kill.^, N. Y. 

Preserving woo<l. 

:{S7,;i7.- 

Aug. 7, 1888 

ChaH. F. Spickcr, 

New York, X. Y. 

imiiroveimmt in coloring and hard- 
ening wood. 

d.ti.t.', 

.lune 24, 1844 

I. B. Sprague, 

Fverott, Wa.sh, 

Process of preserving wood. 

094,212 

Feb. 25, 1902 

Jas. D. Stanley, 

Fa.stover, S. C. 

Device for charring surface of 
timber. 

:50 1,09.0 

Apr, 12, 1887 

Jas, D. Stanley, 
Wilmington, N. C. 

.Apparatus for charring timber. 

I, 

282,895 

.July ;n, 1888 

Ja.H. D, Stanley, 

Kastnver, S, C. 

Device for charring logs. 

.801,19:1 

Apr. 12, 1887 

Cha.s. VV. St.anton, 

Mobile, Ala, 

j App,aratus for steaming wooil. 

7:{5,008 

Aug. 4, 1908 

.\dolj)he Ste. Marie and 
-Vlfred IIoiTinan, 

Lyon.s, France. 

Process of seasoning wood. 

i 

I 

I 

075,500 

.luno 4, 1901 

.Ja.s. C. Stead, 

.Jer.sey City, N. J. 

i Improvement in apparatus for pre- 
! serving wood. 

M8,o:io' 

1 

Mar. 17, 1874 

L. M. Stern and Fdw. M. 
Kempner, Buffalo, N. Y. 

Apparatu.s for impregnating wood. 

002,104 

Nov. 20, 1900 
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List of U. S. Patents on Wood Preservation.- Coniwwd 

Name aii.l uddre^ ^ Title of patent | l>ate Lssiicai 


invfiiior I • 

F. A. SteveiiH, Iinprovoini-rit in apparatus for pn- 102,725 May 3, 1S70 

(3iicaK<), 111. ; aervinn wood. , ^ 

Chas. HtolllxTK, Shoot-metal sap roooptaolo or ; 857 , 84(> Juno 2o, 1007 

'I'olodo, Ohio. 1 vossol. i 

Richard Sutphon, I.nprovcnont in wood-prc.sorvinK 120.000 Oct. 17, 1871 

Froohold, N. J. compo.silion.s. ; 

Goo. W. Swan, linprovomont in tho processes for 112,298 Aug. 26, 1873 

San Francisco, Cal. ; softening and toughoning blocks of , 


Wm. Taggart, 

San Francisc(i, Cal. 

A. II. Tait, 

Jersey City, N . J. 


Preserving pih*)- 


261,015 July 18, 1882 


lnii)roveinenl in preserving wood. 115,781 June 6, 1871 


<• 1 329 973 Nov. 10, 1885 

Rudolf T.aiiczos, h ireproohng wood. 

Vienmi, Austria-Hungary. ' 1 

{’has. Taylor, It. I. .March- Composilion for i)ieserving timber. .391, ‘209 Oct. K). 18.88 
ison, .and (i('o. SlnarjH', j 

Melbourne, \iclori:i. ' 


J n. Taylor. Improved process of preventing 70.761 Nov. 12, 1867 

' New York, N. V. decay in wood. ^ ^ ^ 

Win. H. 'I'aylor. Composition fur iire.serving wood. 759,938 May 17, 1901 

Winterpark, Fla. . 

L N. Tcachman, Wood-preserving composition. ; 277.810, May R), 1883 

Lincoln, Nebr. ! __ 

llor~ Thayer, Treating wood for the manufacture ■15..537^ Dec. ’20. 1864 

Warsaw. N. V, of boxes, cases, etc. | 


Horace 4'hayer, 
Warsaw, N. V. 


wT,lil..m.,rTI,il.m.,..v. n|.l»rau,» t..r ini- 177.770, Mi.y 23. l.S7(i 


Cleveland, Ohio. 


• ■ . 

pregnating timber with antiseptics. 


Wahlemar Thilmany. i Improvement in prooes.ses for pro- ‘202.678 Apr. 23. 1878 
• ' serving timber. ■ 1 


('Icveland, Dhio 


Nathan H. Thomas, j Improvement in procc.sses for pro- 113.706, Apr. 11, 1871 


New Orlean.s, La. 1 serving wood. ^ I 

Cl*: Woi: I ..00.1, ^ 104,01.7 3..... 23. 1870 

New Orleans, La. 1 ' 

A T^i^ i Improvement in preserving wood , 104.917, Juno 28. 1870 

Now Orleans. La. | for rail ro.ad tie s, etc . j 

A B Tripler, I Improvement in processes for pro- ^ 120,5921 May 7, 1872 

Philadelphia. Pa. i wrving wooden pavements from 
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List of U. S. Patents on Wood Preservation.— C’on/i/rwcfi 


Name ami address of 1 
inventor | 

A. B. Tripler, t 

New York, N. V. | 

Title of patent j 

Improvement in proees.ses for stain- 
ing wood. 

No. of 
patent ] 
207,(i:50 

Date issued 

Sept. 3, 1878 

A. B. Tripler, i 

New York.N. Y. ; 

Improvement in the art of preserv- 
ing wood. 

20S,t)10 

Oct. 1, 1878 

Abel D. Tyler, i 

Worcester, Mass. i 

Impregnating wood. 


Jan. 28, 1800 

Geo. S. V'alentinc, | 

Brooklyn, N. Y. 

Process of and apparatus for pre- 
serving w'oixl by impregnation to 
given heights. 

28.''), 087 

Sept. 18, 1883 

Rose L. Valleen, 

Seattle, Wash. | 

I 

Wood-preserving compound. j 

570,101 

Mar. 10, 1897 

G. A. Vivien and 

Paul C. \ ivien, ; 

Honfleur, France. \ 

Improvement in compositions for 
pre.serving wood, coating .ship.s’ i 
bottoms, etc. | 

rj.'i.soi 

J 

J. G. Voorhecs, ■ 

A(iueduet Mills. N. J. 

Improvement in pre.serving wood. 

i 

121,14li 

Nov. 21, 1871 

Martin Voorhec's, Prince- ^ 
ton, andG. W. N. (histis, i 
Camden, N. J. 

Improved process and apimratus for 
seasoning and impregnating wooil 
with pre.servative material. 

87,220 

Feb. 23, 1800 

.John F. Walter, Jr., 
Brooklyn, N. Y. i 

I’roce.ss of drying and smisoning 
lumber. 

287.351 

Get. 23, 1883 

Fred J. Warren, 

Newton, Mas.s. 

Wooden block pavement. 

; 704,75s' 

i 

July 18, 1905 

Chas. G. Waterbury, 

New York, N. Y. 

Improvement in proce.sses for hard- 
! cning and preserving wood. 

' 124,402 

.Mar. 5, 1872 

1 

Ezra Webb, 

New York, N. Y”. 

j Improvement in preserving wood. 

1 

108,050 

Oct. 2.5, 1870 

Peter Welch, 

St. Louis, Mo. 

1 Im|»rovement in preserving wood. 

120,503 

July 10, 1872 

Win. Wellhouse, & Erwin 
Hagen, St. Louis, Mo. 

j Improvement in preserving wood. 

1 

j 2 10,. 580 

Juno 17, 1879 

Pelag Werni, 

Philadelphia, I’a. 

Improvement in compounds for 
j preserving wood. 

104,780 

June 22, 1875 

S. P. Wheeler, 

Bridgeport, Conn. 

j Improvement in the manufacture of 

1 articles of coinjiressml wood. 

j 101,. 5.52 

1 

Apr. .5, 1870 

S. P. Wheeler, 

j Improved process of treating wood. 

1 101,. 553 

Apr. 5, 1870 


Drid^pport, Conn. 
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List of U. S. Patents on Wood Preservation.— 






Tith; of patent 



1 patent 


Thus. B. White, 

I’ost-protector. SGS.D.'ia 

Oct. 22, 1907 

WarHiiw, Mo. 

! i 


SidiKiy S. Willuiina, 

.\l)l)aratus for u.se in treating wood. , 901, .'iSG 

Nov. 24, 1908 

J’rovideiieo, U. I. 

i 


SiRinunfl Willtier, 

Apparatus for impregnating wood. 020, (»27 

■Mar. 7, 1899 

I.oiuloii, FjOR. 

! 


SiRiiiui\(l WilliK'r, 

.\pparatu3 for impregnating wood. | 070,000 

June 11, 1901 

I.ondoii, I'iriR. 

: 


SIrhiuiuI Willner, 

■Apparatus f<»r impregnating wood. ' 771,089 

Oct. 1, 1901 

New York, N. Y. 



SiRinund Willner, 

1 .Apparatu.s for foreing fluids into 807,111 

Dee. 12, 1905 

Memphis, Tenn. 

1 wood. j 


SiRinuml Willner, 

! Ajiparatus for injeeting chemicals .S90,78.'5 

Aug. 25, 1908 

Chieugo, 111. 

j into logs. ; 


Ja.s. B. Wilherow, 

1 ■ ■ 

1 Process of and aiiparatus for vul- 440, .oOl 

Feb. 17, 1891 

riltshurg, Pa, | 

eanizing wood. i 


Jas. P. Witherow, 

.Apparatus for vulcanizing wood. ■ 4 10, .WO' 

Feb. 17, 1891 

Pitt.sburg, Pa. 

!._ I .__.l 


Jas. II. Young, 

.Apparatus for impregnating wood. ' 329,799j 

Nov. 3, 1885 

New. York, N. Y. j 



Win. Youngblood, 

Method of preserving wood. 398, dOG 

Feb. 19, 1889 

Jamaiea, N. Y. 




METHOD OF ANALYZING ZINC CHLORIDE* 

Samplimj . — A fair avora|j;o sample must he takoii from one out 
of every ten drums, (^liekly transfer the sample to a clean, dry. 
salt-mouthed bottle, .stopper, hermetically seal and seiid to the 
laboi'atory for test. The sample should be marked with a 
number or other device, corresponding to the drum or lot from 
whicli it was taken. 

Insoluble Basic Zinc Chloride . — Pulverize about 10 grams of 
the fused zinc chloride by crushing between filter papers, and 
quickly transfer to a weighing bottle. This operation must be 
performed quickly, owing to the deliquescent nature of the sub- 
stance. Weigh the l)ottle plus the sample, transfer the sample to 
500 c.c. of water in a beaker, and weigh the bottle again; the 

^ From tlie Proceedings of the American Wood Preservers' Association. 

20 
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weight of the sample is thus obtained by difference. Cover the 
beaker and allow the solution to stand for 12 liours. 

Filter through a weighed Gooch crucible into a liter flask. 
Wash the residue with cold water until it is free from chlorides. 
Dry the basic zinc chloride at 100° C. for al)out 12 hours and 
weigh. 

Dilute the filtrate to 1000 c.c. and mix thoroughly. 

Ferric Chloride . — Take 100 c.c. of the solution, boil, and pre- 
cipitate the iron with ammonium hydroxide. Boil off the excess 
of ammonia, filter and reject the filtrate. Dissolve the precipi- 
tate off the paper witli hot dilute hydrochloric acid, and reprecipi- 
tate with ammonium hydroxide. Filter through the original 
filter paper. Wash the ferric hydroxide 5 to G times with hot 
water, ignite and weigh as l'V' 20 ;<. 

Factor for metallic iron, 7. 

Factor for ferric chloride, 1.015G. 

Soluble Zinc . — Take 50 c.c. of the original solution, and add a 
concentrated solution of sodium carbonate, until the solution is 
slightly alkaline. Zinc is precipitated as liasic carlionate. 
Boil for 15 minutes. Decant through a weighed Gooch crucible 
and wash by decantation three or four times. Ignite at a high 
temperature and wt'igh as ZnO. Subtract the pia'centage of 
ferric oxide found above. 

Factor foi metallic zinc, 0.8034. 

h’acior for zinc chloride, 1,7044. 

Free Acid .- — Dissolve 10 grams of the fused chloride in 100 c.c. 
of distilled water, and test with methyl orange. If free acid is 
present, which is rarely the case, determine by titration with 
standard alkali. Factor, chlorine from hydrochloric acid, 0.973. 

Total Sohdde Chlorine . — Titrate 25 c.c. of the solution with 
standard silver nitrate, using potas.sium chromate as indicator. 
Subtract the amount of chlorine equivalent to the free hydro- 
chloric acid present, if any, and also the chlorine combined as 
ferric chloride, and calculate the remainder to zinc chloride, 
by using the factor 2.04. The amount of zinc chloride thus 
obtained should check with that found from soluble zinc. 

RECORDS ON THE LIFE OF TIMBERS 

Mine Timbers. — The U. S. Forest Service treated a large num- 
ber of mine timbers according to various methods and placed 
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them in the coal mines of the Philadelphia and Heading Coal 
and Iron Company at Pottsville, Pa. Inspections were made 


Description 


Material 


Condition of Material 
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of Creosoted Wood Blocks Paving Manufacturers sent inquiries 
to various American cities to learn their experiences with wood- 
block paving. The replies are summarized in Table 41. 

Table 41. — TiXi-EiiiENCE ok Some Cities with Wooo-hlock Paving 


Yo:ir» of service! | 

City j !it last iiispcc- I Condition Authority 

1 tion. 1 I 

Brooklyn. 7 I Good | J. C. Sheridan 

New OrlcaiLS dl 1 Blocks good H. E. Slade 

Minneapolis 8 j No repairs > E. R. Dutton 

St. Louis 7 ! Excellent i J. C. Travilla 

5 I No rep.airs ; T. E. McGilvray 

Des Moines 4 No rcp.-iirs , J. MaeVicar 

9 I No repairs G. W. Touson 

D^lroit . . 5 I No repairs | 11. H. McCormick 

Grand Rapids, Mich.. 0 ! Excellent i L. W. Anderson__ 


Poles.— About 1000 chestnut poles treated in various ways 
were set by the U. S. Forest Service in 1905 in cooperation with 
the American Telephone and Telegraph eompany in Pennsyl- 
vania. The results after 5 years of service aic shown in Pig. 31. 



A simihar line was set up by the U. S. Forest Service in New 
Jersey in 1902. All the poles were chestnut. Ihc results aftei 
8 years of service arc shown in Fig. 32.- 

The German government has kept record on tlie life of i s 
pol(‘s when treated l)y various processes, these records extending 
over a period of about 50 years. The general results to date are 
shown in Table 42.'’’ 

1 Circular 198, IJ. S. Forest Service. 

2 Circular 198, U. S. Forest Service. 

2 Archiv fiir Post und Telegraphic. 
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Cross Ties.— The rcportiMl life of evoss-ties in service is^iven 
ill Table 43, wbieli is taken from Bulletin 118 of the U. 8. Forest 
Serviec. 


3'aule A3. "U.Ei>ouTKn Liinc ok Ties in Service 


Spoc'ii's 


LiuA by 


How iriv.ilcd 


White oaks.. . . Duluth »Sr Iron Range Ry. Co. Untreated 
gpruce Union Ry. Co. (horse) Burncttized 

Pine (probably ( A., T. & S. F. Ry. Co do . . . , 

western yel- T. & N. O. Ry . Co ■ • • • -do 

low, longloat, I n. & '!'• C. Hj. Co ; Creosoted 

ami piaon j 

pdies). ! 1 1 

Baltic pine . . . . i Fuiglhsh railroads ^ 

[ C.R.R.ofN.J r V.; ,, 

C., R. I. P. Ry. Co. .....I Wellhouse 

Duluth it Iron Range Ry.Co.i 

^ do • 

\ Pittsburg, Ft. Wayne A Chi- 
cago Ry. Co. i 

I'Vench, German, and Aus- 
trian railroads 


Ileinloek 


Tamarack.. . 


Maple. 


Red oaks. . 


Untreated 
Burnettized 
[ Creosoted 

I C. R. R. of N. J : Ihinieitizcd 

German railroads do ■ ■ 

Wabash R. 1 

FroTwh and German railroads 


.do . . . 
Creosoted 





INDEX 


A 

Abrasion, inij)ortancc of, 25 
protection of ties from, 141 
Absorption, effect of density of wood 
upon, 31 

difficulty in measurinf?, 116 
nu'asured by gages and scales, 

103 

variation in different woods, 138 
of preservatives (see penetra- 
tion) 

A.C.W. process, description of, 59 
Aczol, description of, 253 
Adzing, advantages of before treat- 
ment, 117 

machines, apparatus and cost 
of, 100 

Air i)ressure, eff(!ct of ujjon treat- 
ment, 112 

pumps, cost and use of in plants, 

97 

seasoning, description of, 44 
Alkaline soils, action upon wood, 20 
soils, decay of wood in, 221 
Allardyce process, dcs(Tiption of, 03 
Allis-Chaliners Co., table on {ffant 
costs, 125 

American Ry. Eng. A.ss’n, specifica- 
tions for creosote, 83, 201 
Ammonium chloride, as a fire retard- 
ant, 210 

Analysi.s, of creosote, 201 
of zinc chloride, 297 
Anchors, construction of, 93 
Angier, F. J., on the use of air 
pumps, 97 

on grouping ties, 138 
Annual ring, definition of, 34 
Asbestos packing, use of in doors, 94 
Association for Standardizing Pav- 
ing Spec., specifications for 
creosote, 84 
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B 

Bailey, I. W., experiments of, on 
penetration, 38 
Bark, necessity for peeling, 41 
effect of on life of piling, 183 
Barrels, used for open tank ])lant.s, 
89 

Barns, paving blocks in, 204 
Bateman, E., method for analyzing 
zimi chloride, 74 

Ikdhell process, description of, 50 
Birds, destruction of wouil caiKscd 
by, 27 

protection against, 221 
Bleeding, of wood blocks, 201 
Block signals, u.se of treated ties 
between, 241 

Blocks, equipment for making, 105 
oil for, 84 

B.M. Proce.ss, description of, 249 
B.M. Preservative, description of, 
253 

Boats, pres('rvation of, 180 
Boiling, effect of on strength of 
wood, 229 

Boiler house, construction (ff, 98 
Boiling process, <lescription of, 57 
Bolts, use of in doors, 94 
Bolt doors, construction of, 91 
Borax, as a fire retardant, 210 
Boring ties, machines for, 100 

effect of, in holding spikes, 140 
Boring, holes in posts to preserve 
them, 175 

Boucherie process, for treating poh's, 
103, 

Bridge timbers, substitutes for, 240 
Bru.sh treatments, description of, 51 
Brush treatments, for pole.s, 100 
for posts, 175 

Buehler process, description of, 58 
Buggies, (see cars) 
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INDEX 


Buildings, methods of treating lum- 
ber in, 209 

substitution for wood in, 247 
Builders, of treating plants, 201 
Burlap, used in protecting piling, 1S3 
Burnett process, description of, CO 
Burnett, Win. 73 

Butterfield, .1. T., tests on tbe elec- 
trical resistance of wood, 
234 

C 

Canals, use of in plants, 100 
Ca])ital, invested in wood preserv- 
ing plants, 2 

Carbolitieuin , Avenarius, descri])tion 
of, 27)2 

Cjirbolineum, 8.P.F., (h'seription of, 
252 

Carbolic acid, toxicity of, 72 
Carbon, in creosote, 121 
Card process, description of, 01 
Cars, construction of cylimh'r, 100 
treatment of wood in, 209 
substitutes for wood in, 247 
C. A. Wood Preserver, description of, 
252 

Cell walls, absorption by, 32 
Cement, used in protecting piles, 184 
Charring, as a means of preserving 
wood, 51 
poles, lot) 
posts, 171 

Checks, prev(*nted by “8-irons” 158 
Chemical composition of cell wall, 
efT(>ct of on penetration, 39 
Chicago Creosoting C’o., design of 
block plant, 100 
Coal tars, tliscussion of, 78 
('oal tar creosote, composition and 
value of, 81 
specifications for, 83 
Coils, construction of in rctf>rt, 93 
Compression, of wood in cylinder, 
117. 

Concrete, poles set in, 160 
Concrete ties, inse of, 244 
Conduits, substitutes for wood, 248 


Conservation of timber, alTected by 
pre.serving wood, 2 
Consumption of wood preservatives 
in the U. 8., 259 

Copper sidphate, its value as a wood 
preservative, 71 

Copperized oil, description of, 252 
Corrosion of steel, by preservatives, 
68 

Corrosion of spikes, in zinc treated 
ties, 241 

Cost, of pressure plants, 124 
of treating ties, 150 
of treating {)oles, 165 
of treating cross arms, 170 
of treating mine timbers, 192 
of fireproofing wood, 218 
of treating paving blocks, 202 
of treating i)osts, 178 
of treating j>iling, 185 
of treating shingles, 207 
Cranes, use of in plants, 100 
Creo-resimxte process, descri])tion of, 
250 

Creonire process, d('scri[)tion of, 251 
Creoline, description of, 254 
Creosotes, their value as wood pre- 
servatives, 75 
classification of, 77 
(Veosote, definition of, 76 
evaporation of, 67 
exi)ansion of, due to tempera- 
ture, 117 

method of manufacture, 79 
Creosote process, (see Ihthell proc- 
ess), 

Cn'osote, as a fire retardant, 219 
efTect on the strength of wood, 
236 

effect on human skin, 82 
list of manufacturers of, 254 
spe(afications for, 261 
Forest 8crvice method of analy- 
sis, 270 

Cresol-calcium process, description 
of, 251 

Cross arms, woods uscal for, 168 
methods of seasoning, 168 
manufacture of, 168 
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Cross arms, economy in treating, 171 
cost of treating, 170 
treatment of, 160 

Crude oils, value of, as wood pre- 
servatives, 75 

Crude oil, for treating posts, 174 
effect on strength of wood, 281 
Crumby, J. J., on the life of posts, 
179 

Curtis, W. G., 57 

Cutting season, effect of, on treat- 
ment, 140 

Cylinder cars, construction of, 100 
Cylinders, (see retorts) 

Cylinder, expansion of due to tem? 
perature, 117 

D 

Decay, discussion of, 15 
Decayed poles, reenforcement of, 164 
Density of wood, elTect upon pene- 
tration, 81 

Deterioration of timber, discussion 
of factors, which cause, 15 
Dipping treatments, description of, 
52 

posts, 174 

Dock, construction of loading, 00 
Doors, construction of in retorts, 04 
Durability, of green and seasoned 
wood, 48 

of American timbers, 275 
records on life of wood, 208 

E 

Economy, in treating ties, 151 
poles, 166 
posts, 178 
piling, 186 
mine timbers, 193 

Egypt, history of wood preservation 
in, 9 

Electrolysis, in protecting piling, 
184 

Electrical, resistance of treated 
wood, 234 

Empty cell process, (See Lowry and 
Rueping processes) 

Errors, in operating plants, 116-120 


Europe, history of wood preservation 
in, 9 

Evaporation, of creosote, 67 
Expansion, of creosote duo to tem- 
perature, 117 

F 

Factories, paving Idocks in, 204 
treatment of wood in, 210 
Fcmcc posts, (see posts) 
Fiber-saturation point, definition of, 
44, 225 

Final vacuum, effect of, 109 
Fire-killed timber, utilization of, 8 
Fir(‘, destruction of wood caused by, 
25, 213 
in mines, 192 

Fire protection, in plants, 105 
Fireproofed woo<l, objectiotis to, 214 
Fireproofing wood, theory of, 214 
methods of, 215 
chemicals used in, 216 
tests to determine the efficiency 
of, 217 
cost of, 218 

Fireproofing plants, list of, 259 
Fir, used for cross arms, 168 
Form, of ties, 181 

Forest management, <“ff<*ct of wood 
preservation upon, 3 
Forests, composition of affected by 
wood preservation, 8 
Freight., dccreas('d by seasoning 
poles, 159 

Full-cell process, (sec Bethell proc- 
ess) 

Fungi, description and class ifi cal ion 
of, 16 

Furniture, methods of protecting 
rustic, 211 

G 

Gerry, Eloise, experiments on tylo- 
ses, 86 

Guissani process, description of, 54 
Goltra, W. F., on transfer tables, 99 
Goltra process, des(Tiption of, 250 
Greeks, on methods of preserving 
wood, 9 
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Grccnhoart, for pilin}?, 181 
Greenhouses, treatJuent of wood in, 
209 

Grouping, value of, in ties, 199 
Growth, elTeet, of upon tnaitment, 
U1 

Gngt's, loeation and eonstruetion of, 
92 

use of, in lueasuriiif!; al)Sori)tion, 
109 

Guard rails, eonstruetion of, 99 

If 

Halt, \V. I\., tests on the slrengtli of 
spikes, 147 

(4Teet. of various pro(‘ess(‘s on 
strength of ties, 299 
Hasselnian proeess, des(;ription of, 
200 

Ilcartwood, (ifh'ct on |)enetration, 99 
Hewn ties, (see ties) 

Herodotus, on pres('rvation of niuin- 
ini('s, 9 

History, of wood preservation, 9 
Holz-Helfer, deseription of, 2o9 
Humphrey, G. J., toxieity t(‘stl)y, 05 
Hunt, G. M.,on Boueherizing poh's, 
169 

I 

Imperial W'ood Preservative, de- 
S(;riptioM of, 254 

Inflammability, of wood treated with 
zinc and erc'osote, 219 
tests to determine, of wood, 217 
Initial at)sorption, dillieulty in meas- 
uring, IK) 

Ins(H;ts, destruetion of wood by, 1<S 
in rustic furniture, 211 
Inspector’s laboratory, e(iuipm('nt 
for, 104 

Inspection, of treatments, notr’S on, 
122 

Isaacs, J. D., 57 

K 

Kem[)fer, W. H., on treating poles, 
102 

Kickback, significance of, 118 


Kreodone, description of, 254 
Kyanizing, description of ju'oeess, 59 
for poles, 109 

I. 

Laboratory, need for an inspector’s, 
104 

Lagging, the retort, advantages of, 95 
treatment of, in mines, 192 
L(xakag(‘, preventioji of, in iloors, 94 
Li(4>ig, on tlu'ory of (h'cay, 15 
Lightning (Miuipimmt, in [)lanls, 105 
Li)nnoria, description of, 24 
Loading dock, (see dock) 

Locust im‘, (h'seription of, 254 
l.ogs, (‘ff(‘ct of wood pn'servation 
upon inferior, S 
methods of pn'serving, 211 
Log cabins, methods of protecting, 
211 

Lowry proc(‘ss, description of, 59 
Lumber, methods of tnaiting, 208 

M 

Machine slioj), construction of, 98 
Marine bonus, description of, 20 
M('asuring tanks, types of, 101 
Mechanical abrasion, (h'struci ion of 
wood by, 25 

M(U'curi(; <4dorid<', its value as a 
preservative, 71 
Mine timbers, selection of, 188 
manufacture of, 189 
seasoning of, 1 89 
methods of tri'atmenl, 190 
durability of, 298 
cost of tnuiting, 192 
('cononiy in tn ating, lt)9 
substitutes for, 215 
Mines, dangiT of lire in, 192 
Mixing tanks, construction of, 101 
Moisture, distribution in j^ost.s, 05 
effect »)f i!i wood on treatment, 
140 

rinOhod of dett'rmining in creo- 
s«)K‘d wood, 279 
Mummies, preservation of, 9 
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National Nlcctric, Ass’n, analy- 
sis of <‘n'()so(o, 2(»1 
sp(‘ci(i(‘ations for watnr {^as m'o- 
sot(', Sf) 

Naiisiloria, disscription of, 21 
Nnnlin, ,1. 11., r-xpiTinients in driviiif^ 
spik('s, 145 

ti'sls on ,s}iriidiafi,(', 22(> 
Nonprnssnn' |)roccss, d(\scrii)tioM of, 

5:1 

N. tS., Special, d('scriplion of, 251 

0 

Odor, of ])r('S('rva fives, fJO 
Oil, s('a,soninf!: in, IS 
Oils, crude, value of, 75 
Oil tars, discussion of, 78 
Operation, of plants, S!) 

Open tank process, description of, 54 
Opt'u tard< j)lanls, t vp('s of, St) 
list of in U. S., 25S 

Open tank, treatments for poles, 151 

O. xalic acid, as a lir(' retardant, 210 

r 

Packiiif!;, for retort doors, t)l 
Paint, on treated ^vood, (it) 

value of in prc'serving wood, S7 
Palnudto, for j)i!infi, isl 
Pat('nts, list of, for pri'sc'rvinjz; wood, 
27() 

Pavenu'nts, ('Ificicmcy of various, lt)7 
Paving blocks, manufacture of, 105 - 
198 

oil for, 84 
troubles with, 200 
expansion of, 201 
mctliods of laying, 202 
Paving blocks, cost of treatment, 202 
history of, 195 
woods used for, lt)7 
number used, 190 
methods of treatnumt, 191) 
advantages of, 208 
for barns a nd fa (dories, 204 
durability of, 299 


Penetration, of preservative, effeed; 
of stnudurc on, 31 
effect of sapwood on, 33 
effect of heartwood on, 33 
in suminerwood, 34 
in springwood, 34 
efiect of vessels upon, 35 
e(T('(d of tyloses upon, 35 
effect of resin ducts ui)on, 30 
(dh'ct of pits u|)on, 38 
etf('(d, of composition of cell wall 
upon, 39 

(‘ffeet of c(41 slits upon, 39 
of vari(nis preservatives in 
wood, 70 

P(‘eling t indj('r, necc'ssity for, 44 
Pc'eling bark, necessity for, 37 
Perforations, in pedes to aid peno 
t rat ion, 101 

Petri dish, nudhod for determining 
toxicity, 05 

Pcdroh'um, (s('o crude oils) 

Pettigrew, experinumts with mum- 
mies, 9 

Pholas, ih'scrijetion of, 22 
Piling, life of, 10, 

woods used for, 181 
manufa(dure of, 1S2 
methods of sc'asoning, 182 
treatment, 183 
cost of treating, 185 
('conomy in treating, 180 
substitutes for wood, 244 
Piping, us(' of in plants, 104 
Pitch streaks, in preserving posts, 
177 

Pits, elTecd, on penetration, 38 
Plants, construction and operation 
of, 89 

cost of pressure, 124 
list of wood preserving in U. S., 
255 

Plates, beairing on ties, 141 
Pliny, on Grecian methods of pre- 
serving wood, 9 
• Pedc borer, description of, 19 
PoU'S, attacked by woodpeckers, 27 
woods used in making, 150 
manufacture of, 156 
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Polos, perforations in, IGl 
seasoning of, 150-158 
selection of species for, 15G 
shrinknfj;e in, 159 
saving in freight due to season- 
ing, 159 

methods of treating, 159 
reinforcing decayed, 1G4 
cost of treating, 1G5 
economy of treatment, IGG 
life of, lGG-301 
suhstitutes for, 244 
rolluti<jn, of streams, 122 
Port's, (see vessels) 

Posts, woods used in making, 172 
method and time of cutting, 173 
of seasoning, 173 
treatment of, 174 
cost of treating, 178 
economy in treating, 178 
life of, 179 

suhstitutes for wood, 245 
Powder post insects, description of, 
18 

Powell process, description of, 250 
Preliminary vacuum, effect of, 107 
I’reliminary air, effect of, 112 
Pr('S('rvatives, corrosive action of, G8 
properties of eflitaent, 04 
])urify of, 121 
used in treating wood, 251 
amounts used in U. S., 259 
toxicity of, GG 

Prescrvol, description of, 252 
Pressure plants, essential parts of, 91 
Pressure, effect of, on treatments, 
115 

Pressure, effect of, on strength of 
wood, 232 

Prince, R. E., on fireproofing woods, 

21 G 

Processes, for preserving wood, 50 
Pump house, construction of, 90 

R 

Rails, construction of guard, 93 
Receiving tanks, use of, 101 
Records, on the durability of timber, 
298 


Resin ducts, effect upon penetration, 
30 

Retorts, construction of, 91 
Retort house, construction of, 91 
Robbins process, history of, 13 
description of, 250 
Roofs, on tics, value of, 135 
Rueping process, description of, GO 
Rutg('rs process, description of, G1 

S 

Sapwood, effect on pc'netration, 33 
distribution on ties, 132 
absorption by, 138 
Hapwood Antiseptic, description of, 
253 

8ap stain, damage caused by, 29 
protection against, 222 
►Sand storms, protection against, 223 
Sawmill, in plants, H)5 
Scales, use of, in measuring absorp- 
tion, 103 

Season, of year, eff('ct of on treat- 
ment, 40, 1 10 

Seasoning timber, necessity for, 42 
eff(‘ct on decay, 43 
checking, 43 
decreasing freight, 43 
strength of wood, 224 
methods used in, 44 
in hot air, 4G 
in open air, 44 
in saturated steam, 4G 
in supt'rheated steam, 47 
in oil, 48 
in wat(;r, 48 
ties, 197 
poles, 158 
mine tindjcrs, 189 
posts, 173 
cross arms, 245 
piling, 182 

Seasoning yards, care of, 45 
Seeley process, history of, 12 
description of, 54 
Shipworms, description of, 20 
Shingles, woods used for, 205 
method of treating, 206 
treated against fire, 206 
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Shingles, cost of treating, 207 
substitutes for wood, 247 
Show(T baths, use of for employees, 
104 

Shrinkage, in poles, 159 
equations for, 220 

S-rons, pn^vention of clieeking, 158 
Signals, l)loek, use of treated ties 
betwec'u, 241 

Silos, Ireatment of wood in, 209 
Slits, effect of, in cell walls upon 
penetration, 39 

Slij)periness, in wood blocks, 200 
Smith, C. S., on treatment of poles, 
103 

Sodium earb(Uiat(', as a Ore retard- 
ant, 210 

Sodium fluoride, its vabie as a pre- 
s(U'vative, 72, 253 

Sodium silicate, its value as a pre- 
servative, 252 

Soil, efft'ct of alkaline, upon wood, 

20, 221 

Sijeeiflcations, for creosote, 201 
for zinc chloride, 73 
Spider doors, construction of, 94 
Spikes, kimls, and use of, 113 
use of screw, MO 
S])irittine, descrii)tion of, 252 
Spriiigwood, ('ffcct on penetration, 
31 

S(}uare sets, treatment of, 191 
Stains, value of, in preserving wood, 
87 

St(M4, corrosion of, by preservatives, 
08 

Steel ties, use of, 243 
Steam, seasoning in saturated, 40 
superheated, 47 
Steam coils, (sec coils). 

Steaming, effect on strength of wood, 

220 

Stone, poles set in crushed, 100 
posts set in crushed, 174 
Streams, pollution of, 122 
Strength of wood affected by seas- 
oning, 43, 224 
by preservatives, 70, 230 
by crude oil, 231 


Strength of wood affected by boil- 
ing, 229 

by pressure, 232 
by various processes, 232 
by temperature, 231 
zinc chloride, 230 
steaming, 220 
of ties, 144 

Storage tanka, use and constructioti 
of, 101 

Stubs, us('d for n'inforcing poles, 104 
Sul)stitutes, for treated timber, 243 
Summerwood, effect of on penetra- 
tion, 34 

T 

Tanks, construction of, 101 
T'ars, classification of, 77 
Teesdale, C. 11., experiments on 
penetration, 37 

on absorption of creosote by 
wood, 230 

Tem])('ra(ure, effect of on strength of 
wood, 231 

Teredo, description of, 21 
Test f nicks, need for, 154 
Tliermomeler, location of in retort , 92 
Thinning forests, effi'ct of wood pre- 
.servalion on, 7 

Thilmany process, hisforv of, 13 
descri])tion of, 249 
Ticmann, 11. I)., experiments in 
lienet ration, 39 

effect of temperature on wood, 
231 

tests on strength of w(jod, 224 
Tie jilates, typi's and use of, 141 
Tics, selection of species for, 128 
cost of treating, 150 
crushing strength of, 144 
durability of, 303 
economy in treating, 151 
form of, 131 

grouping, to secure uniform 
treatment, 136 
hewn vs. sawed, 129 
length of time to season, 135 
peeling, 41 
sawed, value of, 129 
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Ti('s, sojisoniiig of, l 

selt'clioii of treating process for, 

Its 

sul)stitut('s for wood, 243 
Tillson, G. W., studies of street 
pavements, lOU 

'I'iinber supply, effect of wood pre- 
S('rving on, 2 

Timbernsplialt, d(;scription of, 2o2 
d'oxicity, of i)n'.servatives, 05 
d'ransfer tal)les, use of, 00 
Track sc'ales, use. of, 103 
Treated timber, amount of in U. S., 

250 

d’urtles, (see anchors) 

Tyloses, elTect of, on piaiet ration, 35 

U 

i:nit('d Stat('s, history of wood pres- 
ervation in, 11 

rtilization, of top logs, caused liy 
wood preservation, 8 

Vacuum, elTect of in treating timber, 
107 

Vessels, etTect of, on pc'netration, 35 
\01uine, of charge, difliculty in 
measuring, 110 

Vulcanizing i)rocess, des(trii)tion of, 

251 

W 

Waste, in hewing ties, 130 
Water-gas-tar cn'osote, derivation 
and composition of, 85 
description of, 253 
sp('eification for, 85 
IVater-gas tar, (see oil tars) 

Water, its existence in wood, 43 
in oil, 121 

soaking wood in, 48 
W('llhouse proc<'ss, description of, 02 
Winslow, (b I’., on creosotes, 75 
Winter, I'ffect of, on cutting timber 
in, 40 

Wood-block paving, oil used for, 84 
Wood creosote, descrii)tion of, 253 
Wood, effect of water in on strength, 
43 


Wood, expansion of due to tempera- 
ture 120 

Wood louse, description of (see 
Limnoria) 

Wood preservation, definition of, 1 

Wood preserving industry, impor- 
tance of, I 

Wood preserving plants, list of in 
U. S., 255 
biiilders of, 2(31 

VVoodi)eckcrs, d(‘struction of wood 
by, 27 

Wood tars, discussion of, 70 

Wood tar (treosote, (h'rivation and 
composition of, SO 

Working tanks, use of, 101 

Wyoming I'^xperiment Station, tests 
on posts, 175 

X 

Xylotrya, description of, 20 

Yard, arraJigement of, 90 
care of, 45 

method of handling timbers in, 
100 

^'arl)orough. It. W., on lagging 
retorts, 0(3 

Year, effect of time of, on treatment, 
40 

Z 

Zinc chloride, as a fire retardant, 210 
changes in solutions, 122 
effect upon the strength of wood, 
230 

its value as a i)reservative, 72 
manufacturers of, 254 
method of analyzing, 207 
in wood, 74 
specification for, 73 
visual tests for, 74 

Zinc chloride process, (see Hurnett 
proce.ss). 

Zinc tannin process, (see Wellhouse 
proc(‘Ss) 

Zon, It., on the manufacture of tics, 
130. 








